TMH 



TECHNICAL MANUAL 



PRECISE ASTRONOMIC 
SURVEYS 



U 



HEADQUARTERS, DEPARTMENT OF THE ARI 

AUGUST U 



Thin manual contains copyright material 



TM 5- 



TECHNICAL MANUAL 
No. 5-442 



HEADQUARTERS 
DEPARTMENT OF THE ARM 
WASHINGTON, D.C., 4 August 19 



PRECISE ASTRONOMIC SURVEYS 



CHAPTER 1. 

2. 
3. 

Section I. 
II. 

CHAPTER 4. 
5. 
6. 

7. 

Section I. 
II. 



INTRODUCTION 

WILD T-4 THEODOLITE ___. 
INSTRUMENT CONSTANTS 



Paragraph 

1-11-8 

2-12-25 



Level vial constants 3-1 3-5 

Eyepiece micrometer constants 3-6 3-11 

EQUIPMENT __ _ 4-14-11 

PREPARATION FOR OBSERVATION 5-15-6 

DETERMINATION OF LATITUDE 6-16-28 

DETERMINATION OF LATITUDE 

Sterneck method 7-17-9 

Horrebow-Talcott method 7-107-17 



III. Circum-meridian method 7-187-26 

CHAPTER 8. DETERMINATION OF AZIMUTH 



Section I. 
II. 

APPENDIX A. 
B. 

APPENDIX C. 
D. 



Close circumpolar stars 8-1 8-12 

East-west stars 8-138-20 



REFERENCES 
TABLES 



TRIGONOMETRIC FUNCTIONS (TIME) 



LIST OF RADIO TRANSMITTING STATIONS 
AND MONITORING OBSERVATORIES 



E. SCHEMATIC OF ASTROAMPLIFIER 



GLOSSARY 

INDEX _.. 



Page 
2-12-11 

3-13-12 
3-123-18 

4_l_4-9 
5_1__5_6 
6-16-26 

7_1_7_7 
7_7__7_21 

7-217-35 



8-18-10 
8-108-14 

A-l A-2 
B-l B-51/52 

C-l C-91/92 

D-l D-4 
E-lE-2 

Glossary 1 6 
Index 1 Index 5 



TM 5-442 



CHAPTER 1 
INTRODUCTION 



11. Purpose and Scope 

a. This manual provides both a training text 
and specifications for the determination of precise 
astronomic position and azimuth. It may be used 
as a reference for those interested in, or respons- 
ible for, astronomic position and azimuth deter- 
minations. 

b. This manual is not concerned with basic prac- 
tical astronomy. Personnel using this manual as a 
training text must have a basic knowledge of the 
inter -relationship of astronomic coordinate sys- 
tems, and the theory and conversion of time as re- 
lated to astronomy. Trainees must be able to per- 
form mathematical computations involving algebra 
and plane and spherical trigonometry, and must be 
proficient in the use of the desk calculator. A 
thorough understanding of topographic surveys is 
a distinct advantage. 

c. The manual deals with the operation of the 
Wild T-4 Theodolite and the allied equipment that 
is used in the astronomic position determination, 
and the Wild T-,'5 Theodolite used for astronomic 
azimuth determination. 

(I. Some theory is discussed in detail, but this 
manual does not attempt to present a comprehen- 
sive theoretical development of the subject matter. 
For those desiring a more thorough treatment of 
theory, the references listed in appendix A are 
recommended. 

c. Kach computation is explained in the text. 
The computation methods described and illustrated 
result in complete odice reductions. Where only a 
field reduction is required, many of the minor steps 
and refinements may be omitted. 

/. Users of this manual are encouraged to sub- 
mit recommended changes or comments to im- 
prove the manual. Comments should be keyed to 
the specific page, paragraph, and line of the text 
for which the change is recommended. Reasons 
should be provided for each comment to insure 
understanding and complete evaluation. Comments 
should be forwarded directly to the Commandant, 
U. S. Army Engineer School, Fort Belvoir, Va., 
22060. 

ff. The material presented in this manual is 
applicable to both nuclear and nonnuclear warfare. 



1-2. General 

The prescribed methods for determining precise 
astronomic positions and azimuth vary somewhat 
among the various agencies of the U. S.. govern- 
ment and even more among 1 the agencies of foreign 
governments. The specifications contained herein 
meet or exceed the present requirements of all 
these agencies. 

13. Operations and Equipment 

a. The astronomic party generally operates in- 
dependently as a very small group. The field party 
must carry sufficient equipment to operate with- 
out external support of any type for short periods 
of time (2 to 4 weeks) and with only minimum sup- 
port for longer periods (3 to 6 months). Funds 
must be available to purchase goods and services 
that cannot be provided by the support element 
without undue delay of operations. 

b. A major consideration for successful obser- 
vations is the assembly of satisfactory electronic 
timing equipment. Chapter 4 discusses in detail 
necessary modifications of issued components and 
the assembly of additional equipment. 

1-4. Reliability of Results 

Accuracies of results can be achieved only when 
specifications and prescribed methods are carefully 
followed, probable errors are satisfactory, and the 
observers are experienced and reliable. To deter- 
mine if an individual can produce first order re- 
sults, his observations at three to five previously 
determined astronomic stations must be compat- 
ible with their published positions and azimuths. 
If they are not, such an individual probably lacks 
the necessary visual acuity for precise astronomic 
observations, and further training as an observer 
is not advisable. 

15. Training 

A minimum of 6 months of intensive training of 
otherwise well qualified surveyors is required to 
produce a qualified, reliable astronomic team. 
Training time can be reduced by introducing one 
or two trainees into an experienced team, rather 
than attempting to train an entire team of inex- 
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perienced men. All members of the team should 
be trained in all functions so that duties may be 
interchanged when necessary. It is desirable, al- 
though not necessary, that all men be equally 
qualified in all phases of field operations. 

1-6. Records 

a. Preparation. All permanent records inciden- 
tal to the operation are recorded with permanent 
black or blue-black ink which is suitable for photo- 
graphic copying. Ball point pens are recommended. 
Field records are not transcribed from one book 
to another. If it is necessary to change a figure, 
a diagonal line is drawn through the incorrect en- 
try and the correct figure written above or below. 
All records must be neat, accurate, and thoroughly 
checked. Every page contains the recorder's name 
and the checkers initials, and any changes made 
by the checker are checked by the recorder. DA 
Forms referenced will be procured through nor- 
mal AG Supply channels, with the exception of 
DA Forms 3618, 3619, 3620 and 3621, which will 
be reproduced locally. 

b. Transmittal. Field records and computations 
are transmitted as two separate shipments. When- 
ever possible the records are sent by registered 
mail. If registered mail is not available the most 
secure means possible is used. Postal services of 
foreign governments are avoided and the pouch 
service of the U.S. State Department is used if 
necessary. 

(1) The first shipment consists of diagrams, 
original forms, chronograph records, instrument 
constants, preliminary station report, station re- 
covery data, station descriptions, and any other 
data required for the final computations. 

(2) After the first shipment has been re- 
ceived by the addressee, the checked abstracts, 
computations, observing list, any duplications, and 
a final station report are sent. 

c. Station Report. The station report consists 
of two parts: 

(1) Part one contains a list, by item name 
and/or number, and the quantity of all items in- 
cluded in that shipment. 

(2) Part two contains all information pertin- 
ent to the station and observations, e.g., field re- 
sults, types of equipment used, problems with time 
signals and/or equipment, instrument constants, 
etc. The station report accompanying the final 
shipment need only include any changes or addi- 
tions to the initial station report. 

17. Notation 

a. In cases where a mean of several values is 



to be determined, the residuals will usually be 
found also. Throughout this manual any residual 
is symbolized as "v" and any v is found from v = 
(mean value) minus (any individual value used 
in determining the mean). Hence, 



n 



Vi = m m, 
v-2 = m m. 
v : . = m m-. 



In which: 

m the arithmetic mean 
m t etc. = the individual values 
n = the number of values 
Vi -etc. the individual residuals 

The algebraic sum of the residuals so determined 
should, theoretically, be equal to zero. However, 
due to round off, the ideal value is seldom attained. 
Nevertheless, the algebraic sum of the residuals 
must never exceed n/2 times the least decimal 
value in which the mean is expressed. Assuming 
nine residuals with values expressed to O'.'OOl, the 
algebraic sum cannot exceed 0'.'0045 or (K'005. If 
this value is exceeded an error has been made. 

b. Throughout this manual the brackets [ ] are 
used to symbolize an algebraic summation of the 
inclosed quantity. For instance: 



(v } ) (v,) -f (v.,) 

+ (V,) (V,) .... 



V n 



(V n )(V n ) 



18. Catalogue Abbreviations 

The following is a list of abbreviations used 

throughout this text for appropriate star cata- 

logues and ephemerides. 

AE&NA . . . .The American Ephemeris and Nau- 
tical Almanac contains ephemerides 
for the Sun, Moon, and planets, plus 
tables for Universal, Ephemeris, and 
sidereal times, tables of the Besse- 
lian and Independent Day Numbers, 
and other associated tables useful in 
astronomic computations. 

FK4 ....... The Fourth Fundamental Catalogue 

contains the mean positions and 
proper motion of 1535 fundamental 
stars. 
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APFS The Apparent Places of Fundamental SAO The Smithsonian Astrophysical Ob- 

Stars contains the apparent places servatory Star Catalogue contains 

of the 1535 stars of the FK4 and is the mean position and proper motion 

published yearly. of 258,000 stars through the 12th 

GC The Boss General Catalogue of magnitude. These stars have been 

33J42 Stars for the Epoch 1950 compiled from all other major cata- 

contains the mean positions, with logues and tabulated with reference 

sufficient additional terms to facili- to the FK4 system, 
tate computations to apparent posi- 
tions through the use of Besselian 
Day numbers. 
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CHAPTER 2 
WILD T-4 THEODOLITE 



2-1. General 

The Wild T-4 theodolite (figs. 2-1 and 2-2), al- 
though large and heavy, is nevertheless basically 
the same as any other theodolite instrument. Since 
the observations must be of great accuracy, the 
size and weight are an advantage rather than a 
handicap. The primary assemblies of the T-4 are 
the base and yoke, the telescope with vertical 
circle, the Horrebow-Talcott levels, the eyepiece 
micrometer, and the hanging level. Several minor 
modifications of the T-4 have been made. 

2-2. Description of Components 

a. Packing Cases. The Wild T-4 theodolite and 
accessories, less the tripod, arc packed in five 
boxes. The instrument is packed in two cases, the 
base and yoke in one and the telescope in the other. 
The other three boxes are the hanging level case, 
the accessory case, and the battery box. The cases 
are reinforced with metal corners and edges and 
are lilted with blocks and stops that hold the in- 
strument (irmly in place when the cases are closed. 
All parts of the cases that come in contact with 
the instrument are lined with Celt. All cases are 
constructed rigidly enough to protect the equip- 
ment during shipping. The hanging level should 
be given special care and, if practical, hand car- 
ried. 

b. I>asc and Yoke (including standards). The 
base and yoke is the largest single part of the T-4, 
weighing about 70 pounds. The lower part of the 
assembly (the base) includes the leveling screws 
and contains the horizontal circle. The U-shaped 
upper portion (yoke) rotates about the vertical 
axis of the instrument and contains the horizontal 
clamp and slow motion assembly. The upper ends 
of the yoke (standards) are fitted with rollers on 
which the trunnion axis of the telescope rests. 

c. Telescope. The telescope and attached compo- 
nents weigh 40 pounds. The unit usually referred 
to as the telescope consists of several components. 
The vertical circle assembly the Horrebow-Talcott 
levels, the setting circle, and the eyepiece microm- 
eter are all mounted on the telescope axis. The tele- 
scope is of the "broken telescope" type. Such tele- 
scopes are so named because their eyepieces are 



mounted in the horizontal axis at right angles t 
the axis of collimation. A mirror is mounted at th 
intersection of the two axis to reflect the line c 
sight from the axis of collimation to the eyepiec 
axis. 

23. Instrument Supports 

a. The support for the T-4 must be stron 
enough to carry the weight of the instrumer 
without flexure or strain. The support must not b 
subject to vibration or sensitive to deflection fror 
the observer's movements. For first order detei 
minations, the instrument should be mounted o 
a concrete pier. See chapter 5 for concrete pie 
specifications. 

b. Other supports such as an instrument stan 
or tripod should be used only for lower order ot 
servations, or when approval is granted by highe 
authority. The only tripod suitable for use is th 
Wild T-4 tripod or its equivalent. The C & G 
aluminum stand is probably the best portabl 
stand available. When it is used, all parts must t 
well seated and the turnbuckles tightened evenly 

24. Erecting the Portable Support 

a. The stand or tripod should be set into hole 
about 2 feet deep that have 6 to 8 inches of hare 
ened plaster of paris in the bottom. In placing th 
stand it is best if one leg points north or soutl 

/>. After the stand is set on the base it must 1: 
centered and leveled (a small carpenter's level pn 
vides an excellent check). An inch of plaster c 
paris should then be poured around the ends c 
the legs and allowed to dry, so as to anchor tli 
tripod or stand. 

2-5. Plumbing the Instrument 

a. If the instrument is to be accurately plumbe 
over a mark, a large tripod or plumb-bench (a] 
proximately 6 feet high) is erected and a plurr 
bob affixed over the point so that it may be r 
moved and replaced but will remain plumbed ov< 
the mark. The instrument support is then plac< 
in position and the instrument base is set atop i 
The base is then leveled and shifted atop the su 
port until the point of the plumb bob is exact 
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1 Telescope tube 13 

2 Telescope illumination 
diaphragm 14 

3 Horrebow-Talcott level 
adjusting screw 15 

4 Horrebow-Talcott level 16 
centering screw 17 

5 Horizontal axis adjusting 18 
screw 19 

6 Zenith distance setting 20 
circle 21 

7 Zenith distance setting 22 
circle level 

8 Zenith distance setting 23 
circle level adjusting screw 

9 Zenith distance setting 24 
circle eyepiece 25 

10 Eyepiece lock screws 26 

11 Horizontal circle eyepiece 27 

12 Zenith distance setting 28 
circle slow motion screw 



Zenith distance setting 

circle light switch 

Horizontal setting circle 

lamp 

Chronograph plug receptacle 

Instrument lighting receptacle 

Horizontal circle lamp 

Horizontal circle light switch 

Telescope light switch 

Vertical circle light switch 

Vertical slow motion screw 

Vertical level collimation 

screw 

Hanging level horizontal 

adjusting screw 

Vertical circle coincidence 

Vertical clamp 

Horizontal axis 

Telescope lamp 

Hanging level 



Figure 2-1. Wild T-4 Theodolite (circle left). 
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1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 
13 
14 
15 
16 
17 
18 



Vertical 
Vertical 
Vertical 
Vertical 
Vertical 



Illumination mirror knob 19 

Telescope mirror cover 20 

Vertical clamping arm 21 

circle drive cover 22 

circle level 23 
circle lamp 

circle 24 

circle eyepiece 25 
Horizontal axis roller 

Vertical circle lock plunger 26 

Hanging lever vertical 27 

adjustment screws 28 
Vertical axis lock ring 

Leveling screws 29 

Leveling screw foot plate 30 
Circular level 

Packing lug 31 

Horizontal circle drive cover 32 
Horizontal setting circle 



Horizontal slow motion screw 

Horizontal clamp 

Yoke 

Centering knob 

Horizontal circle coincidence 

micrometer 

Telescope counterweight 

Zenith distance setting circle 

release lever 

Eyepiece lock adjusting screws 

Eyepiece micrometer scale 

Eyepiece micrometer hand 

wheels 

Telescope eyepiece 

Eyepiece reticule adjusting 

screws 

Infinity stop 

Horrebow-Talcott level 

assembly clamp 



Figure 2-2. Wild T-4 Theodolite (circle right). 



over the center of the cylindrical, German-silver 
cover mounted in the rotational axis of the yoke. 
Care must be exercised to maintain a level condi- 
tion while shifting the base to the centered posi- 
tion. The circular level on the base is adequate 



for the above plumbing procedure provided t 
level is in proper adjustment. 

b. The base is attached to the instrument su 
port by placing a small amount of plaster of pa: 
under each footplate, pressing the footplate ir 
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he plaster, and applying additional plaster over 
he footplate. 

!-6. Assembling the Instrument 

a. The base is removed from its case and placed 
>n the instrument support. The orientation of the 
>ase should be such that two of the level screws 
ie in an east-west plane, and preferably such that 
he battery and chronometer connections are on 
he side away from the observer's movements to 
)revent accidental disconnection. 

b. The white ring at the junction of the base 
md yoke assemblies must then be moved, by means 
>f a large adjusting pin, until the red index is over 
;he position marked "messen" ("measure" on 
lewer instruments). This lowers the yoke assem- 
)ly onto the ball bearings in the base, allowing 
;he yoke to turn freely in azimuth. 

NOTE 

Before the instrument is replaced in the 
packing case it is important that the red 
index be moved to the position "verpack- 
en" ("packed" on newer instruments) .The 
circular level on the base is leveled by 
means of the footscrews. To increase sta- 
bility of the instrument, the footscrews 
should be turned up into their housing as 
far as possible while still allowing about 
2 or 3 turns of screw thread for final 
leveling. 

c. The spring-loaded vertical circle index and 
vertical slow motion plungers are withdrawn and 
ocked out. The yoke should be placed in such a 
Dosition that when the observer prepares to place 
;he telescope in the wyes the horizontal circle mi- 
croscope will be on his right. Before removing the 
;elescope from the packing case the Horrebow- 
Falcott levels must be clamped to the telescope 
ixis, and the vertical clamping arm for locking 
;he telescope should be clamped in such a way that 
vhen the telescope is in the wyes, the telescope 
,vill be pointed at the zenith. The bearing surfaces 
)f the telescope and bearings in the wyes must be 
cleaned of all lubricant before assembly. 

d. The horizontal axis of the telescope, to the 
eft of the telescope barrel, is then grasped with 
;he left hand, the setting circle case is grasped 
vith the right hand, and the telescope is placed 
.n the wyes. After the vertical circle and vertical 
damping arm are in place the spring-loaded 
plungers are released. The Horrebow-Talcott levels 
u-e then carefully released and set in their stops. 

<?. The hanging level should be placed on the 
side of the yoke opposite the horizontal coincidence 



micrometer knob. The length may be varied by 
tilting the level to a vertical position and allowing 
liquid to escape from or enter the chamber. A 
slight shaking may be necessary for this. The level 
must be made to hang freely, touching only the 
telescope axis and the German-silver cover on the 
yoke. 

/. All electrical cords should be attached and 
the lighting system checked. 

27. Horizontal Motion System 

The horizontal motion system of the T-4 consists 
of two sections, the horizontal motion controls and 
the horizontal circle group. 

a. Horizontal Motion Controls. The horizontal 
motion of the T-4 is controlled by the horizontal 
clamp and the horizontal slow motion screw. These 
knobs are located on the yoke and their location 
in respect to the observer is always the same. The 
clamp is located at the bottom of the standard that 
supports the eyepiece. The slow motion screw is 
located just to the right of and at right angles 
to the clamp. The slow motion screw acts against 
a spring and all final motion should be made 
against the spring (clockwise). 

b. Horizontal Circle Group. The horizontal circle 
group consists of the circle and the apparatus 
necessary to set and read it. The circle is read 
through a microscope which is attached to the 
standard that supports the eyepiece end of the 
horizontal axis. The microscope is hinged and may 
be folded down against the standard when it is 
not in use. The horizontal circle rotates about the 
vertical axis and may be set to desired readings 
with the horizontal circle drive knob which is lo- 
cated on the base part of the instrument. The knob 
is protected from accidental movement by a hinged 
cover which must be kept closed whenever the 
circle drive is not in use. Note that all horizontal 
motion control knobs, except the horizontal circle 
drive, are located so that they may be conveniently 
operated with the right hand. 

2-8. Reading the Horizontal Circle 

When reading, the lines of the upper and lower 
halves of the image are brought into coincidence 
by use of the horizontal circle coincidence microm- 
eter. The image is marked at the center by use 
of a single vertical immovable wire that is not 
used in the reading but as a reference index only. 
The value of the degree that is to the left of the 
index line is generally read if one is visible. From 
this degree value, count the number of subdivi- 
sions to the diametrically opposite (180) degree 
graduation on the inverted circle image. The value 
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thus determined is then the number of minutes in 
the angle. The seconds in the angle are read di- 
rectly from the micrometer (a, below) . When no 
upright degree value is visible to the left, the 
minutes are determined by using the upright de- 
gree value to the right of the vertical line. From 
this degree value, count the subdivisions to the 
diametrically opposite degree graduation on the in- 
verted circle image. The value thus determined 
is the minutes to be subtracted from the upright 
degree value to obtain the degrees and minutes of 
the angle (b, below). The seconds in the angle are 
read directly from the micrometer. The readings 
on the horizontal scale increase as the yokes are 
moved in a clockwise direction. 

a. In (a), figure 2-3, 146 is to the left of the 
index line. Counting the subdivisions from 146 
to 326 (diametrically opposite), obtaining 27 sub- 
divisions, which are the number of minutes in the 
angle. The angle for this illustration is then 146 
27' 19"2. In (c), figure 2-3, the angle is determined 
in the same manner and is 329 06' 47'fl. 

b. In (b), figure 2-3, 127" is to the right of the 
index line. Counting the subdivisions from 127 to 
307, obtaining 12 subdivisions. Thus, 12' arc sub- 
tracted from 127" and the angle read is then 126" 
48'. Adding to this the micrometer reading and 
the angle is 126" 48' 03V9. 
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329 



146 27' I9?2 



126 48' 03" 9 



329* 06' 47".l 

I''it;iirt- 2 ;/. Horizontal circle. 



2-9. Vertical Motion System 

The vertical motion system includes the vertical 
motion controls and the vertical circle assembly. 
The vertical motion controls are operated by the 
observer; however, if zenith distance is to be oil- 
served an assistant observer is needed to read the 
vertical circle. TOPOCOM has developed a modi- 
fication for the T-4 which replaces the standard 
vertical circle level vial with one of the Horrebow 
vials. The Ilorrebow vial mirror is also mounted 
on this attachment, allowing the observer to read 
the inclination of the vertical axis from the eye- 
piece end of the telescope, thereby eliminating the 
requirement for the assistant observer. Once the 
vertical inclination has been so determined rela- 



tive to the vertical pointing, the observer may then 
move to the other end of the instrument to read 
the circle without his weight affecting the ob- 
servation. 

a. Vertical Motion Controls. The vertical mo- 
tion of the instrument is controlled by two knobs. 
The vertical clamp is located to the observer's left 
on a levd with the horizontal axis and immediately 
opposite the telescope tube. The vertical slow mo- 
tion screw is directly below the clamp on a level 
with the horizontal part of the yoke. The slow 
motion screw acts against a spring and all final 
movement should be made against the spring 
(clockwise). Note that both controls are placed 
for convenient operation by the observer with his 
left hand. 

ft. Vortical Circle. Assembly. 

(1) The vertical circle assembly consists of 
the vertical circle and the vertical circle level. Be- 
fore reading the vertical circle, the vertical circle 
levol must first be leveled. The level is of the type 
commonly called a split level, and is leveled by 
bringing the images of the bubble's ends into coin- 
cidence. Since the bubble is extremely sensitive, 
bringing the bubble ends into perfect coincidence 
would be time consuming. The vial, therefore, is 
graduated so that the inclination may be read and 
a correction computed. 

(2) In figure 2-4, the rending on the left 
minus the reading on the right is twice the level 
error in graduations (7.0 8.0; 1.0 gradua- 
tion). This value must be multiplied by one-half 
the value of the level sensitivity in seconds of arc 
per graduation and applied to the circle reading 
with the proper algebraic, sign to obtain the cor- 
rect zenith distance. 



K) 



LEFT, 70, RIGHT, 8.0 

Figure. ~-4> (lolliniatian scale. 

(3) The ends of the bubble should be in coin- 
cidence at about the seventh graduation. The bub- 
ble length may be adjusted by allowing air to enter 
or leave the chamber. The bubble should not be 
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removed from the instrument, but the telescope 
should be lifted until the vertical circle assembly 
is clear of the locking plunger, and the assembly 
turned on the horizontal axis to allow air to enter 
or leave the chamber. 

(4) The vertical circle eyepiece is opposite 
the eyepiece of the telescope. The coincidence mi- 
crometer is located (with respect to the assistant 
observer) just to the right of and at a right angle 
to the vertical circle eyepiece. After the vertical 
circle level has been leveled, the circle graduations 
are brought into coincidence with the vertical 
circle coincidence micrometer. Some models of the 
T-4 have a movable vertical circle. The drive knob, 
used to set desired readings on the vertical circle, 
is located on the top-rear of the circle housing, 
and is protected by a hinged cover to guard against 
accidental movement. 

2-10. Reading the Vertical Circle 

a. To read the circle, the vertical circle coinci- 
dence micrometer is turned (after the ends of the 
bubble have been brought into coincidence, or 
read) until the opposing circle graduations are in 
coincidence. The angle in degrees is generally 
read from the lower left. Each graduated interval 
has a value of 4' of arc. The intervals between the 
longer graduations have a value of 20' of arc. In 
figure 2-5, 34 is read since it is to the left of the 
index line. Then, counting the subdivisions from 
this degree value to the diametrically opposite 
degree (214) graduation on the inverted circle 
image, in this case 12. Multiply the number of 
subdivisions by 2 to determine the number of even 
minutes (2 X 12 = 24'). The value for the first il- 
lustration is then 34 24' 26"9. When no upright 
degree value is visible to the left of the index line, 
as in the second illustration, the correct even 
minutes are determined by using the upright num- 
ber to the right of the index line. From this degree 
value (325), count the subdivisions from this 
value to the diametrically opposite degree (145) 
graduation on the inverted circle image, in this 
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34 



35 



325 



34 24' 26"9 



1 



324 57 16 I 



case 2. Multiply the subdivisions by 2 and subtrac 
the product from the upright degree value, 325 
- (2X2) = 324 56'. With the reading from th 
micrometer added, the angle for the second illus 

tration is 324 57' 16'.'!. 

b. Pointing the telescope toward the zenith r< 
suits in a circle reading of zero (if the circle i 
properly set, and collimation error is removed) 
Readings increase with a counterclockwise motio 
of the telescope as one faces the vertical circle en 
of the horizontal axis. 

2-1 1 . Zenith Distance Setting Circle 

The zenith distance setting circle is directly behin 
the eyepiece of the telescope. The circle (fig. 2-6 
is divided into intervals of 1 degree and is nurr 
bered correspondingly. It includes a scale divide 
into intervals of 10 minutes which may be intei 
polated to 1 minute. The circle is equipped with 
reading microscope and a circle drive for settin 
the desired readings. The microscope eyepiece i 
located above the telescope eyepiece and the circl 
drive is located at the bottom of the circle nous 
ing. The circle drive has knobs on both sides o 
the eyepiece and is equipped with a disengagin 
lever. The disengaging lever is used to rapidly se 
the circle to within a degree of the desired setting 
then the knobs are used to set the circle to th 
nearest minute. After the desired reading is se 
on the circle, the level located at the top of th 
housing must be leveled. This is done by unclamp 
ing the vertical motion clamp and rotating th 
telescope about its horizontal axis. When the bub 
ble is level the telescope will point to the zenit! 
distance set on the circle, provided the assembl; 
has been properly adjusted. 





Figure 2-5. Vertical circle. 



34 18' 325 46' 

Figure 2-6. Zenith distance setting circle. 

2-12. H orrebow-Ta I cott Levels 

The T-4 is provided with two level vials calle< 
Horrebow-Talcott levels. They are located on th 
horizontal axis between the eyepiece and the tele 
scope tube. When not in use, the level assembly 
is stabilized by locking it to the standard with th< 
stabilizing pin. When the clamping screw, locate< 
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level assembly, is turned firmly in a clockwise di- 
rection the level assembly is clamped to the axis, 
thereby fixing the angle between the level assem- 
bly and the telescope axis. The bubbles are then 
centered with the centering screw, located at the 
bottom of the level assembly to the observer's left. 

2-13. Eyepiece Micrometer 

Where the words "crosswire" or "movable wire" 
are used, it must be understood that these are not 
actually wires but lines engraved on glass reticles. 

a. In order to serve for geodetic measurements 
as well as astronomic observations, the eyepiece 
is equipped with both a fixed and a movable reticle. 
The movable reticle, with its single wire, and the 
eyepiece lens are fixed with respect to each other. 
This causes the movable wire to remain in the 
center of the field of view, sometimes giving the 
impression that the fixed reticle wires are moving. 
The movable wire is moved by turning the milled 
knob located at the bottom of the micrometer or 
by turning the wheels on the ends of the shaft 
that is parallel to the movable wire. The shaft has 
wheels at both ends so that the observer uses both 
hands to track stars. Just below the eyepiece there 
is a hinged cover. When this cover is opened the 
contact drum is exposed. The contact drum con- 
sists of an agate disk into which 12 platinum con- 
tact strips are set. Ten strips are uniformly 
distributed over the disk and one of them is 
marked with an additional strip on each side which 
serves as the zero contact. This index strip is used 
to count the complete turns of the micrometer 
screw and to facilitate the identification of the in- 
termediate contacts. A contact point mounted on 
the drum completes an electric circuit when it 
touches a contact strip. The contact drum must be 
kept clean of all foreign matter to avoid erroneous 
readings clue to interrupted or late contacts. 

b. The crosswires of the fixed reticle, which are 
parallel to the movable wire, may be used for the 
measurement of small angles. Because the eye- 
piece can be rotated on the horizontal axis, the 
micrometer can be used for measuring small an- 
gles in both vertical and horizontal planes. The 
marks between the 05 and the 15 wires indicate 
the number of turns of the micrometer. The posi- 
tion of the movable wire may be expressed in 
terms of turns of the micrometer, 05 to 15. The 
portion of a turn can be determined by reading the 
micrometer scale located at the bottom of the 
micrometer. The scale is graduated into 100 divi- 
sions. Every tenth line is numbered, through 90, 
and every fifth line is elongated. As the wire moves 



one, the readings on the scale increase and indi- 
cate the portion of that turn through which the 
wire has moved. The scale reading may be esti- 
mated to the 0.1 of a division, or 1,000th of a turn 
(fig. 2-7). 
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Figure 2-7. Reading the eyepiece micrometer. 

2-14. Instrument Lighting System 

a. The power required for the lighting is 4.5 01 
12 volts, depending on the bulbs being used. The 
power cord is connected to the instrument at the 
male plug at the bottom of the base. There are 
four lights on the instrument (newer models have 
a fifth light for the horizontal setting circle on the 
outside of the base cone). The horizontal circle 
light is controlled by the switch located on the 
base of the instrument. The three switches on the 
yoke, starting at the eyepiece end, are for the 
setting circle, the telescope, and the vertical circle, 
The intensity of the telescope light can be con- 
trolled by three different methods: by the rheostat 
at the power source, by a disk with eight different 
size holes at the telescope light, and by the reflect- 
ing mirror in the telescope. 

b. For daylight observations the vertical and 
horizontal circle lights can be removed and re- 
placed by mirrors. The setting circle light can be 
removed to permit enough light through the open- 
ing to illuminate the circle. 

2-15. Leveling the Vertical Axis 

a. The horizontal axis of the telescope with the 
hanging level is set parallel to the line joining twc 
footscrews and the settled position of the bubble 
is read. Although a reading at one end of the bub- 
ble is adequate, the mean center may be deter- 
mined by summing the end readings and dividing 
by two. 



.strument is then turned 180 and the 
i in the same way as before. The bub- 
set, by means of the two footscrews, to 
3tic mean of the readings for the two 

istrument is then turned 90 and the 
y means of the third footscrew, to the 
. value. Turning the instrument 180 
? at the same end once again, the arith- 
of the two readings is set on the level. 
>s is continued until the same reading 
graduation is obtained in any quadrant. 
il axis is then pointing at the astro- 



sling the Horizontal Axis 

the vertical axis has been leveled to 
graduation the horizontal axis must be 
sndicular to the vertical axis. The hori- 
ion is locked and the level read. The 
/el is then removed and placed on the 
le of the horizontal axis and read. The 
mean is set on the level by turning the 
an head screw at the top of the stand- 
eyepiece side. 

>rocess is repeated until the variation 
er than two graduations. The hanging 
ally replaced on the side of the yoke 
.e horizontal coincidence micrometer. 

listing the Hanging Level 

The hanging level is used to measure 
of the vertical axis of the instrument. 
planes through the horizontal axis 
ixis) and the hanging level axis of the 
are not parallel to each other, the in- 
:s said to have wind (pronounced 
nd the hanging level will not indicate 
clination of the vertical axis. Prior to 
ition with the instrument, the hanging 
be checked for the presence of wind 
jd as necessary (fig. 2-8). 
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litre 2-8. Effects of error of wind. 

ie level is checked for wind by attach- 
& to the middle of the bar parallel to 



the level vial and very carefully pulling the level 
3 or 4 inches away from the "rest" position. If 
there is no wind, the bubble will remain stationary. 
If there is wind, the bubble will move toward the 
end of the vial that is displaced in the direction 
of the pull. 

(2) The adjustment for wind is made by alin- 
ing the level vial horizontally in its housing with 
the horizontally opposed capstan screws located 
at the high numbered, end of the level housing. 
The level is in adjustment if the bubbly movement 
is three divisions or less when' the level is pulled 
3 or 4 inches away from the "rest" position. 

(3) All adjustments of the level must be 
made very carefully. One screw must be loosened 
before the opposing screw is tightened. Overtight- 
ening the adjusting screw may cause undue strains 
that have detrimental effects on the adjustment. 

b. Centering the Bubble. After all other adjust- 
ments have been made the bubble is centered 
(mean bubble center is 50) by turning the verti- 
cally opposed capstan screws located at the high 
numbered end of the level vial. 

2-18. Adjusting the Instrument 

a. In all testing which requires a well defined 
distant object but where none is available, any 
other optical survey instrument may serve as a 
collimator. The instrument serving as the colli- 
mator is set up at a distance of 5 to 10 meters and 
leveled. The instruments are then pointed at one 
another 'and by careful manipulation the two in- 
struments can be made to point along the same 
line; thus, by looking through one instrument the 
observer will be able to see through the other. 
Both instruments must be focused at infinity. The 
eyepiece is then removed from the instrument 
serving as the collimator and a frosted flashlight 
bulb, connected through a rheostat to a power sup- 
ply, is inserted in its place. The observer at the 
T-4 should now be able to see the crosswires of 
the collimator; observations on these are then 
used to adjust the T-4. 

b. All adjustments of the eyepiece should be 
done in infinity focus if possible. 

2-19. Vertically of the Crosswires 

With the eyepiece locked in position, a sharp, well 
defined object is observed and the telescope is 
moved vertically. If the object tracks the wire 
through the field of view the wire is vertical; if 
the object moves off the vertical wire an adjust- 
ment must be made with the capstan screw op- 
posite the locking screw on the eyepiece. Verticality 
must be ascertained in both eyepiece positions. 
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220. Centering the Crosswires 

When the eyepiece is rotated it is necessary that 
the center of the crosswires remain in the same 
relative position (fig. 2-9). This may be accom- 
plished by placing the intersection of the cross- 
wires on a sharp well denned target and rotating 
the eyepiece 90. If the target moves off the inter- 
section, the crosswires will describe a quadrant 
of a circle whose center will lie in the physical 
center of rotation of the telescope axis. By means 
of the two sets of opposed capstan screws im- 
mediately behind the micrometer box, the inter- 
section of the reticle crosswires should be moved 
to the center of the quadrant described. Repeat 
the test and adjustment until the intersection of 
crosswires remains on the target when the mi- 
crometer is rotated. 



POSITION 




POSITION A 



Figure 2-9. Croaswircn not centered. 

221. Adjustment of Horizontal Collimation 

This adjustment is made as with any theodolite 
type instrument except that instead of the reticle 
being moved to remove the error the adjustment 
is made by moving the mirror located where the 
telescope barrel joins the horizontal axis of the 
telescope. The mirror is exposed by removing the 
plate which is held in place by two knurled screws. 
This exposes two opposing capstan screws acting 
upon the mirror. One man adjusts the mirror with 
adjusting pins as another man, looking through 
the telescope at the target, directs. When finished, 
the screws must be tight but not binding; the 
collimation error should be less than 3 seconds 
of arc. 

2-22. Adjustment of Vertical Collimation 

a. Adjustment of the vertical collimation is 
made in the same way as that of the T-2 theodo- 
lite. The zenith distance of a well defined object 
is measured with the instrument in the direct and 
reverse positions. Half of the difference of the sum 
of the direct and reverse readings from 360 is 



determined. This value is added to or subtracted 
from the circle reading, as appropriate, and the 
resulting value is then set on the vertical circle 
with the coincidence micrometer. The telescope 
crosswires must remain on the target throughout 
this operation. The vertical circle is brought into 
coincidence with the level collimation screw and 
then the ends of the vertical circle level bubble are 
brought into coincidence by use of the capstan 
screws acting on the level holder. The collimation 
error should be less than 2 seconds of arc. 

6. When the instrument has a vertical circle 
that may be set with a drive knob, the correction 
may be so large that the proper value cannot be 
set with the coincidence micrometer. In this case 
the vertical circle drive is used to set the degrees 
and minutes correctly, with a very close coinci- 
dence, and then the coincidence micrometer is used 
for the final setting. The ends of the level bubble 
are then brought into coincidence as before. 

2-23. Zenith Distance Setting Circle Level 

When the telescope is pointing to the zenith and 
the zenith distance setting circle is set to 0, the 
level bubble should be centered. If not, the level on 
the setting circle may be adjusted as follows: 
using the vertical circle (properly adjusted with 
minimum collimation), set a zenith distance of 
00' 00" and level the vertical circle bubble 
closely (it need not be in exact coincidence be- 
cause the setting circle can be interpolated only 
to the nearest 01' of arc) . The setting circle is set 
at the zenith distance of and by use of the cap- 
stan screws acting on the setting circle level, the 
bubble is brought to center. 

224. Adjustment of the Eyepiece Micrometer 
Drum 

Exact adjustment of the micrometer drum is not 
necessary except when the Horrebow-Talcott 
method is used for latitude observations. When 
this method is used the following- two adjustments 
of the micrometer drum are made. 

a. When the movable wire is in coincidence with 
the center (10) wire of the fixed reticle the mi- 
crometer should read "0" and the platinum tip 
should be in the middle of the "0" contact strip. 
In setting the micrometer at "0" when the mov- 
able wire is in coincidence with the "10" wire, the 
small pin-faced spanner wrench is hooked in the 
holes of the shaft of the micrometer scale. The 
knurled nut under the scale is held with the 
fingers while the wrench is turned counterclock- 
wise. After the micrometer scale is moved to "0" 
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;he nut .is tightened and the adjustment then 
checked. 

b. In placing the center of the "0" contact of the 
Jrum onto the platinum tip when the movable 
wire is on the "10" wire, the cover over the drum 
:s removed by taking out the screws holding the 
:over. With the pin-faced spanner the round nut 
molding the micrometer scale is removed. The knob, 
micrometer scale, and the cover are then removed, 
rhe setscrew holding the contact drum must then 
be loosened. With the movable wire on the "10" 
the drum is turned by hand until the platinum tip 
is in the center of the "0" contact. The setscrew 
is then tightened. When the adjustment is satis- 
factory, the cover, micrometer scale, and nut are 
replaced. The micrometer is set to "0" when the 
movable wire is on "10" and the round nut is then 
tightened with the spanner. 

225. Micrometer Run 

The term micrometer run means the difference be- 
tween an interval measured by the circle gradua- 
tions and the same interval measured with the 



coincidence micrometer. In the factory the meas- 
uring interval of the micrometer is adjusted with 
greatest care and accuracy to the size of the image 
of a circle division. This adjustment can be re- 
garded as very stable from the constructional 
viewpoint. This adjustment cannot under any cir- 
cumstances be done in the field. As we are dealing 
with observations of the highest accuracy, we 
must not assume any adjustment as free of errors 
and we must check the adjustment of the microm- 
eter of the horizontal and of the vertical circle. 
It is especially important that the micrometer run 
be determined before the vertical circle is used 
for the calibration of level vials and Sterneck lati- 
tude observations. 

a. If the run exceeds 1" per 1' of the microm- 
eter the observation for run must be made a part 
of the field record. As this adjustment cannot be 
made in the field, if the run is excessive and the 
instrument must be used, a correction factor must 
be determined. 

b. In order to determine the measuring interval 
of the coincidence micrometer of the horizontal 
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Figure 2-10. Micrometer run determination. 
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circle, the coincidence micrometer is set to 00" and 
a circle graduation is brought into coincidence 
with the slow motion screw. Several coincidences 
are made with the micrometer and the mentally 
computed mean, which should be very close to 
00", is recorded. The micrometer is then turned 
to the other end of the scale (60" for horizontal 
or 1' 60" for vertical). This will bring the next 
adjacent circle graduation closely into coincidence. 
Each of these marks should be pointed and read 
10 times. This measurement is to be carried out 
for several circle graduations and afterwards a 
mean determined (fig. 2-10). 

c. The recordings of the readings should follow 
the format shown in figure 2-10. 

(1) Readings on the left of the micrometer 
mark 0" (60") are negative. 

(2) Readings on the right of the micrometer 
mark 0" (60") are positive. 

(3) By denoting the readings at 0" by r a , and 
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those at 60" by r a , then the difference (d) is de- 
termined by: 

r TI d, where d is the length of a 
circle graduation in units 
of the reading micrometer. 

(4) If d is greater than 0.000, the micrometer 
interval is less than the circle graduation. 

(5) If d is less than 0.000, the micrometer in- 
terval is greater than the circle graduation. 

(6) The algebraic sum and the mean of each 
column are determined, then d is determined by 
r r-i for each circle graduation. 

(7) The algebraic sum of all of the d deter- 
minations is found. This sum is then divided by the 
total number of determinations and a mean d is 
determined. The mean d should be less than 1" ii 
the instrument is in good adjustment. If the mean 
d is greater than 1", then all observation readings 
should be corrected by prorating the amount of G 
before any other computations are started. 
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CHAPTER 3 

INSTRUMENT CONSTANTS 



Section I. Level Vial Constants 



31 . General 

Observations conducted with the T-4 theodolite 
are of such precision that errors which may be 
ignored in observations of less precision must be 
determined. All level vials of the T-4 must be cali- 
brated periodically to determine their values for 
the computation of corrections to be applied to 
the observed data. The various methods used for 
calibration of the level vials are discussed in this 
section. 

a. Errors of dislevelment are corrected by ap- 
plying the sensitivity of the level vial, multiplied 
by the dislevelment, to the observations. Level 
vial sensitivity varies over a period of time and 
under various conditions. Theoretically, the level 
trier method of determining level vial sensitivity 
is the most precise method. However, the condi- 
tions in the field are seldom the same as conditions 
prevailing when the level trier was used, and the 
value so determined is questionable. Field methods, 
described herein, yield a more reliable value of the 
sensitivity, as they are determined under the same 
conditions as are the actual observations for posi- 
tion and azimuth. 

b. Sensitivity of the level vials varies according 
to the temperature, level vial age, bubble length, 
stresses on the vial, and other factors. When ob- 
serving, the bubble length should be kept within 
one or two divisions of the length used in calibra- 
tion. If the ambient temperature varies greatly 
from the temperature which existed during cali- 
bration (10 to 20F.), the vials should be recali- 
brated. Once a vial has been calibrated it should 
not be removed from its holder unless a recalibra- 
tion is performed. Additionally, after calibration, 
the vertical circle level should not be removed from 
the instrument nor the Horrebow-Talcott levels 
from their frame. Sensitive level vials have slow 
settling bubbles, which makes it essential to wait 
until the bubble comes to a complete rest before 
making readings. The calibrations are conducted 
in sets and in order to obtain accurate results it 
is imperative that all movement near the instru- 



ment' be kept to a minimum during the observ 
tion of the individual sets. 

c. It is imperative that the temperature o 
served during level vial calibration be record' 
as part of the calibration data. 

d. The order in which the level vials should ] 
calibrated is 

(1) Vertical circle level vial 

(2) Hanging level vial 

(3) Horrebow-Talcott level vials 

3-2. Wisconsin Method 

This level calibration method provides a means 
determining level sensitivity in the field witho 
removing the vials from the instrument. It can 
used to calibrate the T-4 hanging level and tl 
plate level of other survey instruments. 

a. Theory. 

(1) The Wisconsin method is more involvi 
than the level trier method. The instrument 
carefully leveled and the level vial is placed in 
line parallel to two footscrews. The third foe 
screw is then moved by a measured amount (i 
and the instrument turned in azimuth by a mes 
ured amount (AZ.) (fig. 3-1). 




Figure 3-1. Theory of the Wisconsin method. 

This gives sufficient information to compute, 
the solution of similar right spherical triangl 
the amount that the vial end is elevated or c 
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pressed (fig. 3-2). The figure shows the develop- 
ment of the formula for computing the amount of 
depression of the bubble end (D). 




Sin AZ 



Cot B = 



Cot B = 




Sin AZ 1 = Sin 90 = 1 



Sin AZ 



Tan D 



Tan i Tan 



Sin AZ Sin 



j 



Tan D = Sin AZ 2 Tan i 



Tan i ~ Tan D 

Figure 3-2. Mathematics of the Wisconsin method. 

(2) For small angles the tangent and the sine 
are approximately the same, therefore, dividing 
both sides of the equation by the sine of V, 
D = AZ tan i. The sensitivity of the level vial per 
division then is (D/bubble movement). For exam- 
ple, a single reading of i, AZ, and bubble move- 
ment, converted to level sensitivity is 

Inclination (i) = 01 00' 03'/7 
Tan i = .01747300 

Bubble movement = 1.75 divisions 
Change of azimuth 2' 
(2) (60)(0.01747300) 



1.75 



= 1.198 seconds per division 



b. Procedure. 

(1) Alining the level vial. The instrument 
must be leveled carefully and the bubble of the 
level vial to be calibrated centered. The vertical 
plane through the barrel of the telescope is then 
alined approximately over one footscrew. This 
footscrew is then turned (raising or lowering the 
instrument) and the bubble is observed for mo- 
tion. If the bubble moves, the telescope is turned 
in azimuth until the bubble is again centered. 
Burning the footscrew continues and the azimuth 
f the telescope is corrected until no bubble move- 
lent occurs. When raising or lowering the foot- 
Drew causes no movement of the bubble, the level 



vial is alined parallel to the other two f ootscrews 
The horizontal circle of the instrument is now se 
to read 00 00' 00", using the horizontal circl 
drive screw. When determining the inclination (i 
during the calibration the horizontal reading mus 
always be checked to insure that it is 00 00' 00' 

(2) Measuring inclination (i). 

(a] For the T-4. The instrument is the: 
releveled within one division. With the telescop 
pointing at the zenith and locked in position, th 
instrument is turned in azimuth until the hori 
zontal circle reads exactly 00 00' 00". The vertics 
circle is brought into coincidence several times an 
the mean reading is recorded. The left and righ 
ends of the vertical circle level are read and re 
corded to the nearest 0.1 of a division. The fool 
screw, over which the telescope was alined, i 
turned to either raise or lower the telescope b 
approximately 1. The instrument remains in th\ 
inclined position throughout the calibration of the 
group. This inclines the vertical axis of the ir 
strument in the vertical plane through the foo - 
screw and the center of the instrument. The vert 
cal circle and the vertical circle level are agai 
read and recorded, as above. The inclination (i 
is determined from the difference of the zenit 
distances of the vertical axis in the vertical pos 
tion and in the inclined position. The vial bein 
calibrated should be checked for bubble movemer 
during the determination of inclination. If it h 
moved, the alinement procedure must be repeate< 

(b) For the T-3. The procedure is the sair 
as for the T-4 except that the telescope is set 1 
90 (horizontal) rather than pointed at the zenitl 
The instrument is then inclined approximately 2 
with the footscrew over which the telescope 
alined. In order to bring the vertical circle inl 
coincidence it will be necessary to place a suitab 
shim such as a small coin between the vertic; 
level collimation screw and the vertical level vi; 
actuating arm. NOTE: Since the vertical circ 
of the T-3 is half numbered, the vertical circle wi 
read 91 00' 00" when the inclination is 2. Tt 
vertical angle of a single reading with the T-3' 
equal to twice the difference between the circ 
reading and 90. 

(3) Observations. After the readings for tt 
determination of inclination are completed, tl 
instrument is moved in azimuth until one end < 
the bubble is near the end of the vial. This wi 
normally require moving the instrument about ] 
minutes. For the first bubble reading the azimui 
should read an even minute of arc, that is: 35 
46' or 00 14'. After the bubble has settled, tl 
left and right ends of the bubble are read to tl 
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Column 1. Group, set, and position of the tele- 
scope (level or inclined). 
Column 2, 3, and 4. Vertical circle readings. 
Column 5 and 6. Vertical level vial readings. 
Column 7 and 8. Vertical level vial differences, 
(L^-K) in divisions and arc, 
i.e., d/2 (L-R). 
Column 9, 10, and 11. Corrected vertical circle 

readings. 

(2) Observations. The record for the level 
value determination is kept on DA Form 5-72 as 
follows (fig. 3-4) : 

Column 1. The azimuths of the instrument. 
The numbers represent the azi- 
muths in minutes of arc either less 
.than 360 (minus azimuths) or 
more than 00 (plus azimuths). If 
the horizontal circle reads 359 46', 
the azimuth would be 14', and if 



circle reading 1 was 00 14', the a 
muth would be +14' (see d( 
below).. 

Column 2 and 3. Reading of the level vial, li 
and right ends, as the obsei 
er faces the level vial. 
Column 4 and 5. Changes in the readings 
the left and right ends of t 
level vial. If the adjacent v 
ues differ by more than ( 
division, the bubble ends ha 
been incorrectly read. 
Column 6. The mean of columns 4 and 5. 
Column 7. The mean center of the bubble i 

each reading. 

Column 8 and 9. The correction and adjust 
center are computed valu 
entered after the observati 
is-eompleted. 
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Figure 3-4. Observation notekeeping. 
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d. Computations. The computation of the level 
value (d) is accomplished on the recording form. 

(1) Adjustment of mean bubble (y). The 
first step in the computation of d is the adjust- 
ment of the mean bubble readings y for drift of 
the vertical axis. The amount of the drift is de- 
termined by subtracting the mean bubble reading 
of the first azimuth setting from the mean bubble 
reading of the closure check. Assuming that the 
drift of the vertical axis- is proportional to the 
number of observations, each bubble reading will 
take the same correction. This correction is equal 
to the amount of drift divided by the number of 
observations minus one (n-1) where the closure 
observation is considered as one of the observa- 
tions. The correction is now applied accumula- 
tively to the mean bubble readings with a sign 
opposite to that of the drift. 

(2) Computation of level value (d) . The ad- 
justed mean bubble readings are used to compute 
d from: 

, [xx] (60 tan i) 



Where : 

x = azimuth reading in minutes of arc (column 1). 

y = adjusted mean level readings (column 9) . 

(3) # values. For the above formula, the alge- 
braic sum of the x values must equal zero. If sym- 
metric observations have not been made, then the 
azimuth readings must be changed to make the 
summation of x equal zero. For example, in figure 
3-4, the readings started with an azimuth of + 20 
and ended with an azimuth of 14 ; the first x 
value will be (20 + 14) /2 = 17. The successive x 
values are -f 15, + 13, -f 11, + 9, + 7, + 5, + 3, 

+ !,-!, -3, -5, -17. 

e. Summary of Results and Probable Error. The 
results of the observations are summarized on the 
recording form (fig. 3-5) : 

(1) The probable error of the mean is com- 
puted from 



e r = 0.6745 



[yv~\ 



Where: 

e r = probable error of the result 
v = residual 
n = number of groups 

(2) The probable error of a single group is 
computed from 

t,= 0.6745 
or 

e ff = e r \jn 
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/. Allowable Errors and Rejection Limits. 

(1) e, must not exceed (K'Ol per 1 second 
of the level value. Thus, the allowable e r for a 
hanging level of a T-4 will be about O'.'Ol. 

(2) The allowable probable error of a single 
group is computed as follows : 

Allowable e g = O'.'Ol (d) 



d = level value per division in seconds 
of arc 

n = number of groups 

(3) Residuals (v) shall not exceed two times 
the allowable e g . Any group having an excessive 
residual shall be rejected and re-observed. 

(4) If the result of dividing the largest resid- 
ual by (n-f- 1) is greater than the allowable e r , 
additional observations will be made. 

3-3. Vertical Circle Method 

This method may be used with any instrument 
having a graduated vertical circle level vial. As 
with the Wisconsin method, it affords level sen- 
sitivity determination in the field under observing 
conditions without removing the vial from the in- 
strument. 

a. Theory. This method of level vial calibration 
utilizes the vertical circle to determine inclination 
of the vial. Any run in the vertical circle microm- 
eter will be introduced into the calibration. See 
paragraph 2-25 for determination of micrometer 
run. 

b. Procedure. 

(1) The length of the bubble is first adjusted 
to about one-half of the length of the vial (for T-4, 
the ends should be in coincidence at the seventh 
graduation). The length of the bubble may be ad- 
justed by lifting the telescope off the standards 
and rotating the vertical circle assembly so that 
liquid can enter or leave the chamber. The tele- 
scope is replaced on the standards and the tele- 
scope locked in the approximate zenith position. 

(2) The vertical axis of the instrument is 
carefully leveled. Then the vertical circle bubble is 
moved close to one end of the vial by means of the 
vertical level collimation screw. It is of utmost 
importance that the instrument support be very 
stable in order to eliminate irregular drift of the 
vertical axis of the instrument. 

(3) After the bubble has settled the ends of 
the bubble are read and recorded. The vertical 
circle is brought into coincidence, read, and re- 
corded. Although only one reading for the seconds 
of the vertical circle is entered on the record, sev- 
eral coincidences should be made and a mentally 
computed mean of these coincidences entered in 
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Figure 3-5. Wisconsin method summary. 



he record. The bubble is then moved approxi- 
tiately two divisions by turning the level collima- 
ion screw. The vertical circle and bubble ends are 
ead and recorded again. This operation is con- 
inued until the opposite end of the level vial is 
eached. Uniform bubble movement can be achieved 
y setting- a reading on the vertical circle that cor- 
esponds to about two divisions of the vial. Assum- 
ig a level value of 2.5 seconds of arc per division, 
tie circle reading should be changed about 4 sec- 
nds of arc to move the ends of the bubble approx- 
nately two divisions. The direction of the bubble 
5 then reversed and the process continued until 
tie bubble returns to the starting position. This 
ompletes one set of observations. At least four 
ets must be observed for a completed level deter- 
lination. 



c. Notekeeping. The recording is done on DA 
Form 5-72 as follows (fig. 3-6) : 

Column 1. Vertical circle reading (x). There 
is no need to record the minutes of 
the reading. If the circle reading 
increases to the next higher minute, 
60 seconds are added to all circle 
readings taken after the minute 
mark has passed. If the reading 
decreases to the next lower minute, 
60 seconds are added to all readings 
taken before the minute mark was 
passed. 
Column 2 and 3. Vertical level bubble readings, 

left and right ends. 

Column 4 and 5. Changes in the readings of the 
left and right ends of the level 



vial. If the adjacent values 
differ by more than 0.2 divi- 
sion the bubble ends have been 
incorrectly read. 

Column 6. The difference between columns 4 
and 5, in the sense left minus right. 
Column 7. The difference between columns 2 
and 3, in the sense left minus right. 
This value y is equal to twice the 
inclination of the vial in terms of 
divisions. 

d. Computations. The computations are per- 
formed on the recording form (fig. 3-6). 

(1) Office computations. The first step in the 
computations is the determination of the individ- 
ual values of y. The value y is equal to two times 
the inclination of the level and is determined by 
subtracting the right end bubble readings from the 
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left end bubble readings. It may also be compute 
by adding successively the values in column 6 t 
the first value in column 7. The values of y shoul. 
be computed in both manners. This will give 
check on all work prior to the solution of th 
formula for d. The level value is determined f rom- 



n 



[*!/] - 



n 



Where : 

d level value in seconds of arc per division o: 
the vial and the absolute values are used (tin 
sign of d/2 is disregarded after the formula 
is computed). 

n = number of observations 

x vertical circle readings in seconds of arc (col 
umn 1) 

y twice the inclination (column 7) 
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(2) Field computations. An expedient method 
computing the level value is to determine the 
lue for each movement of the bubble and the 
'responding change of the vertical circle read- 
$. The formula is 

d __ Ax 
nere : 2 ~ L R 

d = level value in seconds of arc per divi- 
sion of the vial 

A x = change of the vertical circle readings 
in seconds of arc between two succes- 
sive circle readings 

md R = change between successive left and 
right end readings of the bubble. 

e. Probable Errer. The summary and probable 
:or are computed in the same way as those for 
3 Wisconsin method (para. 3-2e). 

f. Allowable Errors and Rejection Limits. The 
owable errors and the rejection limits are the 
ne as those specified for the Wisconsin method 
ara. 3-2/) . 

4. Horrebow-Talcott Level Value Determi- 
nation 

e calibration of the Horrebow-Talcott levels is 
lilar to the calibration of the vertical circle 
el although two observers are needed to make 
; determination. 
i. Procedure. 

(1) The length of the bubbles is adjusted to 
>ut 20 divisions of the level vial. This is ac- 
nplished by tilting the level assembly and allow- 
f t liquid to enter or leave the chambers. The 
sscope is pointed approximately to the zenith 
I clamped. The vertical axis of the instrument 
then carefully leveled, 

(2) The level assembly is locked to the hori- 
ital axis of the instrument. The bubbles are then 

with the Horrebow level adjusting screw so 
it they are floating together near one end of the 
Is and the vertical circle level brought into coin- 
ence. The Horrebow-Talcott levels and the ver- 
il circle level should not be reset during the 
lervations. After allowing the bubbles time to 
tie (usually about a minute) the ends of both 
rrebow-Talcott bubbles are read and recorded 
ether with the left and right ends of the verti- 
circle bubble. The vertical circle is then brought 

final coincidence and the minutes and seconds 
.d. Although only one reading for the seconds 
the vertical circle is entered in the record, sev- 

1 coincidences should be made and the mentally 
nputed mean recorded. 

(3) The telescope is moved, with the vertical 
iv motion screw, so that the Horrebow-Talcott 
)bles move about two or three divisions. This 



operation can be facilitated by changing the ver- 
tical circle setting by 2 to 3 seconds with the coin- 
cidence knob, then bringing the reading back into 
coincidence with the vertical slow motion screw. 
After the bubbles have settled all readings are 
again taken and entered on the record, the Horre- 
bow-Talcott and vertical bubbles, then the vertical 
circle. This process continues until the bubbles 
reach the opposite ends of the vials. This com- 
prises one set of observations. The direction of 
the bubble movement is now reversed and the en- 
tire operation repeated until the bubbles have re- 
turned to their starting position. This completes 
one group of observations. Four groups, consisting 
of two sets each, are required for a complete de- 
termination. 

b. Notekeeping. The recording is done on DA 
Form 5-72 as follows (fig. 3-7) : 

Column 1 and 2. Readings of the left and right 
ends of the vertical circle 
level. 

Column 3. Vertical circle micrometer reading 

(!>. 

Column 4 and 5. Reading of the left and right 
ends of the respective Horre- 
bow-Talcott levels, as the ob- 
server faces the level vials. 
The outside, or lower num- 
bered, vial is read first. 
Column 6 and 7. Changes in the readings of 
the left and right ends of the 
level vials. If the adjacent 
value differs by more than 0.2 
division, the bubble ends have 
been incorrectly read. 

Column 8. The mean of the successive differ- 
ences. 
Column 9. The mean center of the bubble for 

each reading y. 

Column 10. The corrected vertical circle read- 
ing (x). This is determined from 
x, + d/2(L R), where L and R 
are the vertical circle level read- 
ings and d/2 is half the determined 
level value. 

c. Computations. The computations are per- 
formed on the recording form. Using the cor- 
rected values of the vertical circle readings (x) 
the following formula is solved for the absolute 
value of d for both vials : 

[*]' 



[x x] 



d = 



n 



n 



d. Summary of Results and Probable Error. The 
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Figure 3-7. Horrebow-Talcott level calibration (notekeeping). 



summary is accomplished on the recording form 
DA Form 5-72 (fig. 3-8). 

e. Probable Errors. Probable errors are com- 
puted in the same way as those for the Wisconsin 
method (para. 3-2e). 

/. Allowable Errors and Rejection Limits. The 
allowable errors and rejection limits are the same 
as those specified for the Wisconson method (para. 
3-2/). 

3-5. Calibration With a Level Trier 

a. Theory. Determination of the level sensitivity 
is based on the fact that if one end of the level vial 
is raised or lowered by a known amount (expressed 
in seconds of arc) and this amount is divided by 
the bubble movement (expressed in divisions of 
the vial) the resulting figure is the sensitivity of 
the vial in seconds of arc per division. A level 



trier may be used to make this determination (see 
para. 3-la for qualification). The level trier (fig. 
3-9) is basically a very simple apparatus, con- 
sisting fundamentally of a beam pivoted on one 
end and driven vertically by a micrometer screw 
at the other. All are mounted on a very stable base 
and are usually protected by a glass case. The 
screw moves the beam a known number of sec- 
onds of arc (measured at the pivot) per revolu- 
tion or fraction thereof. 
b. Procedure. 

(1) The level vial should be securely fastened 
to the level trier without applying any strain on 
the vial. The length of the bubble should be made 
about one-half the length of the vial. 

(2) It is imperative that the vial be at room 
temperature. The vial should remain in the test- 
ing room at least 12 hours at a uniform tempera- 
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Figure 3-8. Hom'.bow-Talcott level calibration (sntttmarn). 
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Figure 3-9. Level trier. 

ture before testing. A unit of movement for the 
screw should be chosen that will cause a move- 
ment of more than one and less than three grad- 
uations of the doubble. 

(3) The beam is lowered until the bubble is 
at one end of the vial. The beam is then moved, 
by means of the screw, a successive number of 



whole seconds, the bubble being read and recorded 
to 0.1 of a division each time, until the bubble is 
at the opposite end of the vial. This completes one 
set. The motion is then reversed and the bubble 
is brought successively back to the other end. The 
vial is then reversed on the trier and the process 
is repeated. Sufficient time must be allowed be- 
tween successive movements to allow the bubble to 
come to rest. 

c. Notekeeping. The test is recorded on DA 
Form 5-72 as follows (fig. 3-10) : 

Column 1. Reading of the micrometer screw 

in graduations. 
Column 2. Reading of the micrometer screw 

in seconds. 
Column 3 and 4. Reading of the left and right 

ends of bubble. 
Column 5. Mean center of the bubble. 



3-10 



Column 6. Displacement of the bubble. 
d. Computation. Determination of the level sen- 
sitivity is made on the recording form DA Form 
5-72 (fig. 3-10). 

(1) A least squares determination of the 
level value from each set is computed and the 
arithmetic mean of the sets is the mean level value, 
d, in seconds of arc per division : 



n 



n 

Where : 

x = reading of the micrometer on the level trier 
(seconds of arc) 

y = mean reading of the ends of the bubble 
n = the number of settings 



(2) When the readings of the micrometer in- 
crease uniformly by a constant value, D, the nu- 
merator of the above equation is then independent 
of x and always equals 

n (n- 1) 
12 u 

e. Summary of Results and Probable Error. The 
results are summarized on the recording form DA 
Form 5-72. The probable error of the mean of the 
sets is determined from 



= 0.6745 J , M 

\ n(n . 



(n-l) 



Where : 



v = residual 

n number of sets 
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/. Allowable Error and Rejection Limits. 

(1) The allowable error, e r , of the mean should 
Dt exceed 0.01 per 1" of the level determination 
iilue. 

(2) The bubble movement column of each set 
lould be inspected. Although there are no specific 

ia, the bubble movement should not vary by 



more than 0.2 division between consecutive read- 
ings. If one section of the vial shows a large 
change in bubble movement in each set, a "bad 
spot" is indicated. Although this does not neces- 
sarily reject the vial or the determination, the 
field party must take precautions to avoid bubble 
reading on this portion of the vial. 



Section II. EYEPIECE MICROMETER CONSTANTS 



-6. General 

.s with level vials, the micrometer constants 
iange, and must frequently be calibrated to de- 
irmine their values. The determination of the in- 
;rument constants should be made at every first- 
rder station, unless several stations are to be ob- 
srved on a continuing basis in the same locality, 
fnder these conditions, they should be made at 
very third to fifth station. 

-7. Equatorial Value of the Micrometer 

'he approximate equatorial value for one turn of 
le micrometer of the Wild T-4 is 150". A more 
ccurate value must be determined before any 
leasurements are made with the micrometer. One 
lethod is to track low-declination stars through 
ae entire field of view, timing their transit over 
le fixed wires of the reticle (these wires are one 
urn apart). 
a. Procedure. 

(1) Since all stars are at an infinite distance 
i comparison to terrestrial measurements, all star 
bservations are made with the eyepiece focused 
t infinity. An infinity stop has been provided by 
tie placement of a capstan head screw at the eye- 
iece end of the horizontal axis. This stop limits 
tie distance the eyepiece may be pushed into the 
arrel. Before determination of equatorial value 
tie infinity stop must be set. An extremely clear 
ight and a star of magnitude 4 to 5 are best, 
brighter stars create a halo that may be mistaken 
3r an "out of focus" condition. After the star has 
een brought into best focus the infinity stop is 
et and then checked with another star. A change 
i equatorial value will occur whenever there is 

change in focus of the eyepiece; therefore, it is 
nportant that the focus remain constant. Ex- 
reme changes in temperature will also necessitate 

new determination. 

(2) After the instrument has been accurately 
weled and focused it must be placed in the mer- 
lian. See chapter 5, Preparation for Observation, 
'he T-4 micrometer is connected to a chronograph 

will record the passage of the contact strips 



under the contact points of the micrometer. A 
chronometer is also connected to the chronograph 
to record the time of the contact of the strips. At 
least four equatorial stars (that is, stars with dec- 
linations as close to zero as possible) are tracked 
across the field of view. One complete determina- 
tion consists of tracking each star across the field 
of view from the 05 wire to the 15 wire resulting 
in 10 complete turns of the micrometer drum. The 
instrument is not reversed during this observation. 
The recorder need only enter the star numbers 
and the date of the observations on the chono- 
graph record. 
b. Computations . 

(1) After the observations are completed the 
record is scaled to determine the times of transit of 
the star over the fixed wires. The fixed wires are in- 
dicated on the record by the "zero" contact strip. 

(2) The scaling and computation are done on 
DA Form 5-72 (fig. 3-11) . The scaled times of the 
"zero" contact strips are entered in the second 
column of the form. The differences in time be- 
tween successive breaks are entered in column 3. 
Values that are obviously in error are rejected 
and a mean taken of the remaining values. The 
equatorial value R of the micrometer is then com- 
puted from the formula: 

R . t cos 8 
Where : 

t =1 difference of sidereal times between "zero" 

contacts 

cos 8 = cosine of the star's declination. This re- 
duces the value from the diurnal circle of 
the star's declination to the great circle 
at the equator. 

A mean of four such determinations is usually 
accurate enough for determining instrument con- 
stants. If the values appear erratic, then all of the 
contact strip breaks should be scaled and a mean 
of 10 breaks used for each turn of the micrometer. 

3-8. Mean Width of Contact Strips 

a. As a star is tracked with the movable wire 
the micrometer contact drum is also turning. As 
soon as the leading edge of the contact strip makes 



-12 



TM 5 



r 

srw 


QU, 
Y+)* A*.?, 


)TO*/AL 
73 


Y#n/e 


or wt 
sr/) 


b^t?/K? < *vr^ve 
#f+)#J43 


Dire: J 

S 5 


6/?i0y 68 


{s*J 
^T; 


035 : ?*< 
/SfC: Sf 
-7-41* 06 

9* S)# 


r iSo*>-^ 
5 W*tt 
979 

/4-4Z S 


XA/ 


w/ee 


SCAifO 
TJr4e3 
"o" jrxr// 


LE*xi>rH 

Of O"f , 

rwe/s/ fiv^ 




wjjee 


Sfs9if> 
7VA7<" 
~Q" STKIf> 


LEXtiTH 
0* * V f . 
7VX*I (&*>*) 




w/jee 


jt<:Ace^ 
Tssnsr* 
"d" sryejf* 


LMG.Td 

oj= a*/ 
-rvje*jfo/FF 




5 


Z/.74 






5 


3?. S 3o 






5 


2ff. S 4t> 






t> 


37.24 


5 

/0..50 ' 




6 


42.-7S 


JO* 43 " 




t, 


33. ^J 


so s 45' 




7 


47.30 


/O.O&> " 




7 ' 


S3. 00 


10 .2.1 ^ 




7 


<48.9/ 


/o. oo * 




& 


^57.53 


10.22 * 




8 


<*3.44 


JO. 44 * 




B 


53. SO 


/O.S9* 




9 


<67.<?2 


JO. 29^ 




9 


73.35 


9.91 " 




^ 


70. 03 


SO. 58 " 




to 


76. /O 


/O.Z8' 




JO 


S3.6& 


/0.3O " 




/o 


go. 60 


JO .4Z * 




II 


ss.st 


10.41 * 




Jl 


94. S3 


jo. S4 * 




// 


90-92. 


/o-4^ 




/ 


35.59 


JO. 06 / 




/z 


/04. 23 


JO. 04' 




/2 


JO/. 4-2. 


J0.5 J 




/3 


/<9< 70 


10 Jl y 




13 


S/4.7S 


/o. 55^ 




/3 


//J. 7/ 


/C.Z9 ' 




fl- 


X/7-97 


(09.27)** 




J4 


JZ4. &>9 


9.9J ' 




/4 


/.2Z. 00 


/O.Z&* 




fS 


/^3. 53 


(lt.s$ R 




/5 


J3$. 81 


/OJ8 * 




JS 


/32-So 


/O.^O* 






























t = 


JO*Z4S 






* 


j 
SO S 357 






* = 


/0 S 4Q4 




























- 


0/ <?* 


'/ 56"" 




c^ 


02 07 


0,"' 




* 


/^/2' 


4S"" 




COS $ = 


0. 339* 


M6 "" 




Cos <- 


a. ^ < $^3/ 


B * 




<?0S < ~ 


O.'J&'fl 


57 " 




/?* 


/. 2^.3 


Y' 




& 


/ 0.250' 






= 


/O. 239 













































































s^ 


V 

























Figure 3-11. Equatorial value of micrometer. 



contact with the platinum point, an electronic cir- 
cuit is completed causing a mark of the event to 
be recorded on the chronograph. After the star is 
tracked part way into the field of view the tele- 
scope is reversed and the star is tracked out of the 
field of view with the contact drum turning in the 
opposite direction. This causes the other edge of 
the strip to make the first contact with the point. 
It is apparent that the breaks are recorded too 
soon by one-half the width of the contact strips. 
During longitude observations the star is tracked 
into the field of view a distance corresponding to 
about two and a half turns of the micrometer, 
causing all of the strips to make contact with the 
platinum point. Since all of the strips are used and 
all are approximately the same width, a mean of 
all the strips (except the two identification strips) 
must be determined. 



b. One method of determining width of stri 
to connect an ohm meter in series with the 
crometer terminals. As the micrometer drui 
turned, bringing the leading edge of the cor 
strip into contact with the platinum point, the 
cuit is closed and will be so indicated on the m 
As soon as the ohm meter indicates a reading 
turning is stopped immediately and the mic] 
eter scale is read and the value is recorded. T 
ing of the drum is continued slowly in the s 
direction until the circuit is broken. The mici 
eter scale is again read and recorded. This p 
ess is continued until readings have been take 
both edges of all contact strips. This constit 
one set of observations. Twenty sets are reqn 
for a determination of mean width of strips; 
sets observed with the drum motion in one d: 
tion and 10 sets in the opposite direction. 
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c. DA Form 5-72 is used for recording the de- 
termination of mean width of contact strips (fig. 
3-12). Each set requires the use of four columns. 
Column 1. Number of contact strip. 
Column 2. Reading of the micrometer scale as 
the strip comes into contact (ON) . 
Column 3. Reading of the micrometer scale 

as contact is broken (OFF). 
Column 4 .Width of strip. Larger value minus 
the smaller corresponding value. A 
mean width is taken for each set. 
A mean of 20 sets is the mean width 
of contact strips expressed in divi- 
sions of the micrometer scale. 

3-9. Lost Motion 

a. Theory. 

(1) Any part moved by a screw against the 



pressure of a spring tends to have a certain amount 
of lost motion (backlash). This is true of the 
movable wire in the eyepiece micrometer. When 
the screw is turned so that the wire moves up- 
ward, the coil springs in the micrometer box are 
compressed. Conversely when the motion of the 
screw is reversed the springs are partially re- 
leased. 

(2) To show the effect of lost motion assume 
that a star moves from left to right and that the 
times are recorded with the star at wire positions 
1, 2, 3, and 4, consecutively (fig. 3-13). The in- 
strument is then reversed and the times are again 
recorded when the star is in the corresponding 
wire positions 4', 3', 2', and 1'. However, due to 
lost motion the micrometer begins to move before 
the wire, indicating that the star is in positions 4", 
3", 2", and 1", respectively. It is evident that the 
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Figure 3-12. Determination o/ mean width of contact strips. 
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imes after reversal would all be recorded early 
>y the amounts (4" 4') , (3" 3') , etc., and that 
;he correction would be one-half the time interval 
-epresented by the mean of these amounts. For 
stars observed beginning with the instrument in 
;he reversed position the first half of the positions 
ire observed early and the same correction must 
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Figure 3-13. Lost motion. 

b. Kinds of Lost Motion. There are two kinds of 
ost motion, dynamic and static. Although desir- 
ible, dynamic lost motion (lost motion of the wire 
n motion) is not usually determined, because the 
lecessary equipment is elaborate and not generally 
ivailable. Static lost motion, however, can be ap- 
>roximated by the following procedures. 

c.Procedure for Determining Static Lost Motion. 

(1) Lost motion is determined in three posi- 
ions of the telescope, at zenith distances of 30, 
>, and 330, as positioned by the zenith distance 
etting circle. The observing is performed upon 
he stationary wires and requires very careful 
>isection and close concentration on the part of the 
bserver. The eyepiece must be so illuminated and 
'ocused that the wires appear as sharp black lines 
>n a clear background. 

(2) With the telescope set, begin by placing 
he movable wire between the "05" and the "06" 
vires. Turn the handwheels so as to increase the 
nicrometer readings until the movable wire bi- 
ects the "06" wire. Record the micrometer read- 
ng as an increase value for the "06" wire for that 
elescope setting. 

(3) Continue in the increasing manner until 
he movable wire is in coincidence with the "07" 
vire. Record the reading as an increase reading 
or the "07" wire. 

(4) One determination consists of recording 
he coincidences of the movable wire on the 6, 7, 
!, 9, 10, 11, 12, 13, and 14 wires. With the tele- 
cope in one zenith position, coincidences are made 
n the increasing ("up") direction at each of the 
vires and then coincidences are made in the de- 



creasing ("down") direction at each of the wires. 
This completes one set or a total of 18 readings. 
This procedure is repeated five times for a total 
of 90 readings in each of the three telescope posi- 
tions. A mean of all observations is the approxi- 
mate static lost motion (m) . 

(5) If it is felt that a bisection or coincidence 
was poorly made the observer should back off 
about 1/2 turn of the micrometer and reobserve. 
Always insure that the micrometer readings are 
increasing when making increasing readings or 
decreasing when making decreasing readings. A 
partial determination of the lost motion in one 
telescope position is shown in figure 3-14. 

d. Recording. DA Form 5-72 is used for record- 
ing the determination of lost motion (fig. 3-14) . 
Column 1. The wire being read. 
Column 2. The micrometer reading when the 
the wire was moved into coinci- 
dence with increasing scale read- 
ings. 

Column 3. The micrometer reading when the 
the wire was moved into coinci- 
dence with decreasing scale read- 
ings. 

Column 4. Difference, or lost motion (column 
2 minus column 3). 

3-10. Determination of Micrometer Constant 

a. Lost Motion Correction. The formula for the 
correction to be applied to the observed transit 
time of the star for lost motion is 



Corr = -- 



R 

100 



(m) (sec 8) 



Where : 

R = equatorial value of micrometer in 
sidereal seconds of time 

m = lost motion 
8 = declination of the star 

b. Width of Strip Correction. The formula for 
the correction to be applied to the observed transit 
time of the star for mean width of contact strips 

i c 

ID 



Corr = 



R 
100 



(s) (sec 8) 



Where : 
R-- 



equatorial value of the micrometer 
in sidereal seconds of time 



s = mean width of contact strips 
8 = declination of the star 

c. Micrometer Constant (j). Since the correc- 
tions for lost motion and width of contact strips 
each involve 
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R 



and sec 8, 



2 100 

they are combined into one correction. The form- 
ula for 1 is 

1 = -^r (m H- s) (sec 8) 
L 200 

sec 8 is the only variable in the formula, and 



is the micrometer constant for all stars. 

* 

3-1 1 . Alternate Method of Determining Width 
of Strips by Scaling 

A method of determining the effective width of 
contact strips by scaling longitude star records is 
generally accepted. This method can be used to 
verify or be used in lieu of field determinations. 
Since the procedures are the same as for the de- 



termination of the equatorial value, both determij 
ations may be solved at one time. 

a. The chronograph record of several low-decli: 
ation stars (minimum of four) is selected fro: 
the longitude observations. The record is select* 
for quality of the markings and the uniformity < 
contact breaks. Two to three revolutions of tl 
contact drum are selected from the in-track, at 
both edges of the break are scaled to the on 
hundredth of a second and their values recorde 
The corresponding turns on the out-track a: 
treated in a like manner. 

b. The recording is done on DA Form 5-72 ; 
follows (fig. 3-15) : 

Column 1 and 6. Strip designator. 

Column 2, 3, and 4. Chronometer time of tl 
make and the break f< 
that contact on the trac 
in. 
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Figure 3-15. Micrometer constants from chronograph sealing. 



Column 5 and 10. Width of strip for track-in 
and track-out, i.e., difference 
in time of columns 3 and 4 
and 8 and 9 respectively. 
Column 7, 8, and 9. Chronometer time of the 
make and break for that 
contact on the track-out. 

c. The mean width of strips is computed on the 
:cording form. If the equatorial value of the mi- 
ometer is known the width of strips may be com- 
ited from the formula: 



If the equatorial value is not known it can be de- 
termined from the scaled values. The length of one 
turn is first determined by computing the time 
difference between successive passages of the zero 
strip and meaning them. This mean value is then 
multiplied by cos 8 to obtain the equatorial value. 
d. s may also be computed by the following 
formula : 



100 



s = 



mean scaled width in time 
0.01/2 sec 8 



Where : 



D n 



here : 



s = mean effective width of strips 
in divisions of the micrometer 
R = equatorial value of the micrometer 
8 declination of the star 



s = mean effective width of strip 
in divisions of the micrometer 

n = total number of strips scaled 

Si = scaled width of strip 

D total distance from first strip 
scaled to last strip scaled (dis- 
tance between sn Si) 
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. A variation of this method of determining the The method of computing s as described in para- 
ictive width of strip can be accomplished using graph d above is most applicable when a constant 
onstant speed motor to drive the micrometer. speed motor is utilized. 



CHAPTER 4 
EQUIPMENT 



41. General 

The equipment presently authorized in DA Supply 
Catalog SC 6675-93-CL-E34, Surveying Set, As- 
tronomic Position (PSN 6675-641-8897) requires 
supplementation and modification to permit the 
necessary observations and computations. A sug- 
gested list of needed equipment is given in para- 
graph 4-11. 

42. Timing Equipment 

a. Throughout the observations there is a re- 
quirement for time determination. The require- 
ment for latitude and azimuth can be adequately 
met with the use of a chronometer and a radio 
receiver. The observations for longitude are de- 
pendent upon very precise time determinations 
and the equipment is more complex. Essentially 
the requirement for time determinations can be 
met with a radio, chronometer, the T-4 eyepiece mi- 
crometer, and a recording device. A block dia- 
gram of the equipment is shown in figure 4-1. 



audio filter and amplifier are incorporated in the 
connection and control box. 




CHRONOMETER 



EYEPIECE MICROMETER 

Figure 4-1. Timing equipment block diagram. 

6. The actual components and connections of the 
timing equipment are more complex than this 
simplified diagram. Modification, purchase of addi- 
tional components, and fabrication are necessary 
to produce an operable system from the equipment 
issued with the survey set. Each component will 
be considered in detail in the following para- 
graphs. The required timing equipment ensemble 
more nearly resembles figure 4-2. Usually the 



ANTENNA 




Figure 4-2. Timing equipment components. 

43. Break Circuit Chronometers 

a. Chronometers are usually designated by the 
type of time they are rated for, solar or sidereal. 
A sidereal chronometer is recommended, although 
a mean time (solar) chronometer may be utilized, 
if necessary. Regardless of the type of time kept 
by the chronometer it should have a rate that is 
linear with respect to time. 

6. The 2-second break circuit chronometer is the 
most desirable of the mechanical types, as it re- 
cords a sufficient density of signals on the chrono- 
graph record to enable the time to be accurately 
scaled. Usually the contacts operate every even 
second and also on the 59th second for the identifi- 
cation of the minute. The 10-second break circuit 
chronometer is not recommended because chrono- 
graph rate fluctuation between successive 10-sec- 
ond recordings may be large enough to result in 
erroneous results in the time scaled on the chrono- 
graph tape. 

c. Chronometers are precision instruments and 
must be handled accordingly. Sudden jars, swing- 
ing, or oscillatory movement should be avoided. 
Oscillatory motion may cause a chronometer to 
gain or lose several seconds, and in extreme cases 
it may actually stop. The iron case serves not only 
as a protective shell but also as a magnetic shield. 
A chronometer which has become magnetized in- 
variably develops an erratic rate. The chronom- 
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eter should be removed from the iron case only 
when absolutely necessary for setting or immobi- 
lizing. It should be kept well away from electrical 
generators, transformers, and magnetic materials 
at all times. If it should become magnetized, it 
must be demagnetized by a professional watch- 
maker. No adjustment of any kind should ever be 
attempted in the field. 

d. No attempt is made to temperature-control a 
chronometer in the field. The temperature compen- 
sation of chronometers manufactured by leading 
companies is exceptionally good, but a chronom- 
eter must not be expected to maintain a perfectly 
constant rate through even moderate changes. 
Chronometers should never be moved in the field 
from heated quarters to open air positions or vice 
versa. Even under extreme conditions the chron- 
ometer should remain at the actual observing site, 
being protected from the direct effects of sun- 
light, rain, or snow by a simple shelter. 

e. Ordinarily, chronometers arrive in the field 
fully wound but with the balance wheel immo- 
bilized. The newer chronometers contain an immo- 
bilizing mechanism that is operated by a small 
hexagonal key. To release the balance wheel the 
key is inserted into the keyway and turned coun- 
terclockwise. With older chronometers the balance 
wheel is immobilized by two cork or plastic wedges 
placed under the rim of the balance wheel. To re- 
move the wedges and start the movement is a 
delicate operation and must be performed care- 
fully to avoid damaging the mechanism. The 
chronometer is first removed from the carrying 
case, and the glass top unscrewed. It is then turned 
face down by grasping the dial edge with the fin- 
gers of one hand and the bottom of the mechan- 
ism case with the other hand. In this inverted po- 
sition it is easy to lift the case from the chronom- 
eter works. It will be convenient to support the 
mechanism by placing it face downward in the 
empty case. The wedges under the balance wheel 
should now be carefully removed, with tweezers. 
The mechanism is then inverted and returned to 
the case. Some older chronometers have had a 
small locking device installed which slips over a 
weight-adjustment screw on the balance wheel to 
immobilize the wheel. 

/. The hands may be set to any desired hour 
and minute by inserting the winding key on the 
pivot shaft carrying the hands and turning them 
clockwise. The minute hand should be synchronized 
with the second hand. Finally, the glass cover 
must be screwed in place and the chronometer re- 
turned to the carrying case. The instrument is 
started by holding it in a horizontal position and 



giving it a sharp turn in either the clockwise or 
counterclockwise direction. It should not be os- 
cillated from one direction to another. The chron- 
ometer should be wound at a regular interval, and 
this is usually done after completion of a night's 
observations. The chronometer should always be 
allowed to run from 4 to 6 hours prior to an ob- 
servation to stabilize the rate. The chronometer 
should never be moved or jarred during an obser- 
vation for longitude. Additionally, the chronome- 
ter should never be wound when it is removed from 
the brass case. There are two winding shafts visi- 
ble when the chronometer is out of the case, and 
winding the wrong one will necessitate return of 
the chronometer to a watchmaker for repair. 

g. If a chronometer is to be moved any distance 
or shipped, it must be stopped and immobilized. 
With the newer chronometers these actions are 
performed with the immobilizing mechanism. To 
stop and immobilize the older chronometers, re- 
move the mechanism from its case and permit the 
balance wheel to come lightly into contact with a 
slip of paper or a camel's-hair brush until the 
wheel ceases to move. Only light pressure should 
be used in this operation. Two soft wedges are 
then gently inserted on opposite sides of the bal- 
ance wheel rim about where the spokes of the 
wheel join the rim. They should be put firmly in 
place but never forced. The immobilized instru- 
ment is then returned to its case and fully wound. 
Excelsior or other dusty materials should never 
be used for packing. A good grade of paper is sat- 
isfactory. If possible, the chronometer should al- 
ways be hand carried. 

44. Crystal-controlled Timing Devices 

Portable crystal clocks, having frequency oscilla- 
tors of sufficient accuracy for astronomic work, 
have been developed and are available for general 
use. U.S. Army Topographic Command (TOPOCOM) 
has conducted tests on several of these clocks and 
has found that interpolated times between radio- 
chronometer comparisons, separated by as much 
as 24 hours, are reliable to within 0.001 second. 
Clocks with this accuracy, if adopted into the sys- 
tem, will allow time comparisons to be recorded 
during ideal radio reception periods, and will par- 
tially eliminate the problems presently encoun- 
tered with the multiple signal receptions during 
observations. 

4-5. Chronographs 

In order to transform time signals, star tracking, 
and chronometer signals into a visible record, a 
recording chronograph is used. There are several 
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types of chronographs available. The Brush Oscil- 
lograph is issued with the set. The drum chrono- 
graph is a commercially obtainable item. Infor- 
mation on the manufacturer is available at 
TOPOCOM. Depending upon project commitments, 
it may be possible to obtain the loan of a drum 
chronograph from TOPOCOM. Throughout the text 
the term chronograph will be used to refer to any 
type of graphic recording device. 

a. Drum Chronograph. The drum chronograph is 
desirable because of the ease with which star tran- 
sit scalings can be made, itslOmm/sec chart speed, 
low paper consumption, and battery operation. Be- 
cause of its slow speed, and since it is not equipped 
with an oscillating type of recording pen, the 
drum chronograph cannot be used to record radio- 
chronometer comparisons. An oscillograph such as 
the Brush modd 220 must be used since it is pos- 
sible, in most cases, to identify the radio transmit- 
ting station from the record. If a drum chrono- 
graph is not available, an oscillograph may be used 
for recording star transits, but the amount of 
chart paper used by the oscillograph during a lon- 
gitude observation is considered to be excessive 
and the scaling of strip chart records is much 
more difficult than scaling a drum chronograph 
record. 

b. Oscillograph. 

(1) The Brush Model RD 2322-00 oscillograph 
is issued with the set. Previously the Brush Model 
BL 222 was issued and may still be encountered. 
Differences between the two models are in detail 
only. A variable speed chart takeup is also issued. 
The chart takeup may be left turned on for short 
periods of time, while the oscillograph is not run- 
ning. 

(a) The oscillograph has three chart speeds, 
5 mm/sec, 25 mm/sec, and 125 mm/sec. The speed 
of 25 mm/sec is used for radio-chronometer com- 
parisons and the 125 mm/sec speed is used for 
time signal identification. As the star transits 
must be recorded at a minimum speed of 10 mm/ 
sec, the 5 mm/sec speed is not usable, necessitat- 
ing the use of 25 mm/sec speed. This results in 
excessive paper consumption and is also more 
difficult to scale than a 10 mm/sec speed; there- 
fore, converting- the 5 mnv'sec speed to a 10 mm/ 
sec speed is recommended. 

(ft) Converting the speeds requires fabrica- 
tion of replacement gears for the oscillograph. 
Most well-equipped machine shops can make the 
modification. The gears which must be replaced 
and dimensions for the replacement gears are 
shown in figure 4-3. Gear changes can be made 
by the manufacturer at a nominal cost. 
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(2) It is planned that the Brush Mark 220 
oscillograph will be introduced into the set in the 
near future. The Mark 220 has several significant 
features ; among them are the transistorized am- 
plifier circuits included in each recording channel. 
Use of the amplifier circuits in the oscillograph 
reduces the amplifier complexity in the connection 
and control box. The Mark 220 is issued with chart 
speeds of 1 mm/sec, 5 mm/sec, 25 mm/sec, and 
125 mm/sec. The gear box is not enclosed so that 
gear conversion is not difficult. The dimensions of 
gears to be replaced have not been determined at 
this time. The manufacturer should be consulted 
concerning desired chart speeds prior to contract 
negotiations. 

4-6. Radio Receivers 

The issue radio receiver is adequate for receiving 
radio time signals but should be replaced by an- 
other receiver if possible. Most receivers with a 
frequency range from 5 to 20 megahertz (MH 2 ) 
are suitable. 

a. The issued 390A/URR model receivers are 
very heavy, require a 110V, AC, power supply, and 
easily become misalined. Upon receipt and prior 
to use they should be "electronically alined" by an 
electronic shop. Any time they receive a severe 
shock or seem to function improperly the elec- 
tronic alinement should be checked. 

6. The AN/GRC-87 provides a suitable time sig- 
nal receiver with the added convenience of a 
transmitter, and should be considered when com- 
munications are necessary. The RT-77 is limited 
by having a frequency range no higher than 12MH Z 
and by not having a variable bandwidth control. 

c. It is planned that the receiver, radio, time sig- 
nal, MIL Spec R-52563, Amd 1, will be introduced 
into the set in the near future. This receiver is 
transistorized, battery operated, and crystal con- 
trolled. Until the unit is included in the supply 
system it must be purchased from the manufac- 
turer. 

d. Many new types of receivers are currently 
being developed by commercial enterprises ; hence, 
the receiver to be used is a matter of preference 
and availability. The only requirements are the 
ability to receive the desired time signals, weight, 
and power usage. 

c. One thing that must be considered in any re- 
ceiver is the impedance of the audio output. The 
390A/VRR receiver has an output impedance of 
600 n and the MIL Spec R-52563 has an output 
impedance of 100 ft. The output impedance of 
other type receivers must be determined by the 
user. The BL-222 and RD 2322-00 oscillographs 
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Figure 4-3. Brush oscillograph (jcnr chtoigcx. 



have an input impedance of about 1400 n and the 
MK 220 oscillograph has an input impedance range 
of to 10,000 n. Hence, an impedance matching 
transformer is included in the connection and con- 
trol box and this transformer must be connected 
for the correct audio input impedance. 



47. Antennas 

Although any piece of wire will work as an an 
na, a properly constructed and oriented ante 
greatly improves reception. In areas of poor 
ception a proper antenna is necessary. 

a. The length of antenna wire needed to p 
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irom 

Length of antenna in feet = -? 

frequency in MH~ 

Hence, for a 10 MH, frequency an antenna length 
of 46.8 feet is required. As harmonics of the basic 
frequency are also usable the same antenna is 
suitable for a 2.5 MH Z , 5 MH,, and 20 MH, fre- 
quency. 

b. The antenna length determined from the 
above formula is the total length, including the 
lead-in, if an unshielded lead-in is used. Prefer- 
ably a shielded lead-in should be used and the 
length computed is then the unshielded length. A 
shielded lead-in is constructed from coaxial cable. 
If special coaxial cable is not available, single or 
double lead shielded microphone cable is an ex- 
cellent substitute. If double lead wire is used, only 
one of the leads is used and the other cut off at 
the end of the shield. When a shielded lead-in is 
used, it should be short in length. 

c. There arc many designs of antennas which 
may be used. However, only four are considered 
of significance in the field. 

(1) The Lazij-L. This antenna, shown in a, 
figure 4-4, is used for unshielded lead-in antennas. 

(2) The vertical The antenna may be sus- 
pended in a vertical position by hanging it from 
a tall tree, etc. This antenna is not recommended 
as it is omnidirectional. 

(3) The loiuj line. This antenna, shown in b, 
figure 44, is the same as the lazy-L except that 
a shielded lead-in is used. 

(4) The doublet. When a receiver has a dou- 
ble antenna connection, either two posts or a co- 
axial connector, the doublet (c, fig. 4-4) should be 
used. The lead-ins should be shielded. Unshielded 
lead-ins may be used but they must not touch each 
other. The antenna lengths may each be 14 wave- 
length or i/o wavelength. If the lead-ins are not 
shielded the lead-in length is included. 

d. With any antenna, the location should be clear 
and away from obstructions, especially metal struc- 
tures. Any antenna, other than the vertical type 
which is omni-directional, must be oriented prop- 
erly. This is especially true when the shielded lead- 
in is used. The greatest directivity of an antenna is 
perpendicular to the axis of the wide and the least 
sensitive position is parallel to the axis. The azimuth 
to the desired transmitter should be determined 
and the antenna set up perpendicular to that azi- 
muth (tig-. 4-5). When another transmitter is inter- 
fering with the desired transmitter, one end of the 
antenna should bo pointed at the interfering station 
to reduce its effect. 



a. Most scientific time signal transmitting sta- 
tions broadcast on the same radio frequencies and 
as can be expected many problems arise from re- 
ceiving two or more stations simultaneously. An 
aid to overcoming this problem is that some ma- 
jor transmitters broadcast the actual time signals 
at different audio frequencies. The WWV time sig- 
nal is broadcast at 1000 hertz (hj, the WWVH 
signal at 1200 h x , and the JJY signal at 1600 h z . 
A 1000 h, band-pass filter is presently included in 
the set but it is usable only for station WWV or 
other stations having similar characteristics. The 
connection and control box schematic in appendix 
E include provisions for an electronic filter that 
may be assembled to operate on any desired fre- 
quency. 

b. As there is a possibility that more than one 
transmitter may be using the same audio fre- 
quency it is necessary that an unfiltered identifi- 
cation of radio signals be made. Since transmis- 
sion delay is proportional to the distance from the 
transmitter, positive identification of transmitters 
can be made from an unfiltered recording of all 
the stations that may be received on the selected 
radio frequency. After the positive identification 
has been made from an unfiltered signal, the filter 
may be used to eliminate the extraneous noise and 
those transmitters using other than the desired 
audio frequency. 

4-9. Amplifier and Connection/ Control Box 
(Astroamplifier) 

These two units are usually incorporated into a 
single unit and also include the audio filter. The 
complete unit is usually called the astroamplifier 
and unless otherwise specified this term will be 
used throughout the text. Components in addition 
to the parts issued with the equipment set must 
be procured to assemble an astroamplifier. 

a. Functions. The astroamplifier serves several 
functions. 

(1) The radio signals have a low potential at 
the output jack of the receiver, especially with the 
transistorized receivers. This potential must be 
amplified in order to provide sufficient power to 
operate the chronograph coil. A potentiometer is 
also included for controlling the strength of the 
current. 

(2) The chronometer break circuit and the 
micrometer eyepiece are switches and do not have 
an internal power source. The astroamplifier pro- 
vides this power source. 
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Figure 4-4. Antenna configurations. 
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Figure 4-5. Antenna orientation. 

NOTE 

The power from the astroamplifier 
through the chronometer and the eye- 
piece micrometer must be of low voltage 
(6 12V) and the current must be limited 
to 0.01 amp or less to protect the con- 
tacts. 

(3) The chronometer records continuously 
whereas the radio and eyepiece micrometer do not. 
The astroamplifier provides for switching between 
these two functions. 

(4) Neither the chronometer and radio nor 
chronometer and eyepiece micrometer can be di- 
rectly wired together and connected to the chrono- 
graph coil. It is possible to connect the chronom- 
eter to one coil and either the radio or the eyepiece 
micrometer to the other. This is not usually done 
in practice as scaling the chronograph record be- 
comes exceedingly tedious and error prone. The 
astroamplifier provides a mixing circuit to allow 
all three signals to be recorded with one chrono- 
graph coil. 

(5) The audio output from the receiver is 
filtered to get rid of atmospheric noise and un- 
wanted portions of the time signal. The output 
after the filtering is then amplified for use on the 
chronograph. (A schematic and list of materials 
for the astroamplifier are included in appendix E.) 

b. Differential Lay. 

(1) A finite amount of time is required for 
the radio signal to be processed through the re- 
ceiver, amplifier, and audio filter. As the chronom- 
eter and eyepiece micrometer signals do not pass 
through the audio filter components, this time de- 
lay is commonly called "audio lag" or "lag in the 
audio filter" (fig. 4-6). 



DIFFERENTIAL LAG 
"REQUIRED" 



- LAG EQUAL FOR ALL 



CHRONOMETER 



EYEPIECE MICROMETER 



RECEIVER FILTER AMPLIFIER MIXING UNIT RECORDER 

Figure 4-6. Differential lag block diagram. 

(2) The determination of audio lag is not dif- 
ficult but does require the facilities of an elec- 
tronic laboratory or repair shop. A signal genera- 
tor, a two channel oscilloscope and various other 
electronic components are needed for the deter- 
mination. Because of the electronic equipment 
needed for this determination it is generally not 
within the capability of the field astronomic party. 

(3) The method used for this determination 
is explained in general terms in (4) below for 
reference. A complete explanation of the methods 
used and the equipment needed for this determin- 
ation can be received from the U.S. Army Topo- 
graphic Command, 6500 Brooks Lane, Washing- 
ton, D.C., 20315, upon request. 

(4) The signal generator must be able to de- 
liver a 1,000 h, pulse on a 5-MH 7 . carrier wave. A 
direct connection from the signal generator is 
made to one channel of the oscilloscope. The other 
channel is similarly connected, with the exception 
that the radio and audio filter are included in this 
circuit. With the 5-MH, carrier wave being broad- 
cast by the signal generator the 1,000 h z pulse is 
placed intermittently on the carrier wave. Cor- 
rect interpolation on the oscilloscope will show 
how much time is required for the 1,000 h z pulse 
to pass through the radio and filter. The lag is 
usually small ; for the type of equipment described 
in this manual, the audio lag will usually be less 
than 0.001 second. 

410. Power Sources 

. Voltage requirements for the battery-operated 
equipment are rather well established. If a special 
type battery is used, provision should be made for 
operation from a commercial dry cell if possible. 
Flashlight batteries, H/o-volt dry cells, and 6-volt 
"hot shot" dry cells can be purchased almost any- 
where in the world. 

b. A 110V, AC, 50/60-hertz/generator is re- 
quired to power the Brush oscillograph and chart 
takeup and the radio receivers of the astro sets. 
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The generator should have a capacity of 250 watts 
minimum. Ideally, it should not be larger than 500 
watts, as a large generator becomes a transporta- 
tion problem. If immediate and complete military 
maintenance facilities are not available a commer- 
cial generator, common to the local area, should 
bo procured. 

4-1 1 . Required Equipment 

The basic complement of equipment required to 
perform a first-order astronomic observation is is- 
sued as Surveying Set, Astronomic Position, FSN 
6675-641-8897 and is listed and described in SC 
6675-93-CL-E34. The following is a list of equip- 
ment not included in the set that is essential to 
the performance of the work. Also included in this 
list is information regarding later model equip- 
ment which streamlines and modernizes the op- 
eration. 

FSN or Source Item and Comment Unit Qua 

6660-664-4675 ALTIMETER-BAROMETER, ea 1 

ANEROID: 16,000 ft. altitude; 

w/carrying case FED . . . GG- 

B-116a, Amd 2, type 1, class 3 

Appendix E AMPLIFIER, Astronimic ea 1 

Text (para 4-7) ANTENNA, Radio ea 1 

6675-377-0655 BATTERY POWER SUPPLY: ea 2 

w/connedtor cord and plugs; 

MIL-C-11347C 

BOOK: 

General Catalogue of 33342 se 1 

Stars for 1950.0; 5 volumes; 

by Benjamin Boss; Carnegie 

Institution of Washington; 

Johnson Reprint Corp. 
7610-252-9407 Logarithmic Tables of Numbers ea 1 

and Trigonometric Functions; 

Baron Von Vega, author: 

1) Van Nostrand Co. Inc. 
7610-634-6081 Practical Astronomy; hard ea 1 

cover; by J. J. Nassau; latest 

yr and edition; McGraw-Hill 

Publishing Co. 
6650-930-3835 BINOCULAR; w/carrying case, ea 1 

type M-20 
6145-542-6092 CABLE, RADIO FREQUEN- ft 500 

CY: KG-38 MIL C-17/28A 

type RG-58C/U 
7420-989-1610 CALCULATING MACHINE: ea 2 

non-listing hand, columnar, 8 

keyboard 
As required CHART, RECORDING: dou- rl 24 

ble channel ink recording 
6645-840-1391 CHRONOMETER, MAKE- ea 1 

BREAK CIRCUIT: rated for 

sidereal time; size 85 w/carry- 
ing case; (only one included in 

set) MIL-C-10724 
6605-846-7618 COMPASS, Magnetic, Survey- ea 1 

or's 



FSN or Source 
6145-188-3655 



5110-293-1910 



As required 
6230-264-8261 



As required 
5970-503-0174 

5210-223-9606 
5985-257-2927 
6625-270-3775 

As appropriate 
As required 
5110-222-2708 

5120-278-0333 



5120-234-8910 



3439-243-1882 



3439-588-1007 



Item and Comment Unit Qua 

CORD, LAMP: type ST-1, par- ft 250 
allel double conductor, #18, 250 
ft spool 

DIE SET, METAL STAMP- se 1 

ING, HAND: gothic; w/case; 

FED . . . GGG-D-280b, Amb 1 

type I and II 

DRIVE, CHART TAKE-UP: ea 1 

FLASHLIGHT: MIL-F- ea 5 

3747A, Amd 3, Type I style 2, 

size 2 cell 

INK, RECORDING INSTRU- ea 2 

MENT: 

INSULATION TAPE, ELEC- rl 1 

TRICAL: plastic MIL-I- 

7798A, Amd 2 

LEVEL, LINE: 3 in. Ig; FED ea 1 

. . . GGG-L-211b, type V 

MAST: antenna assembly; AB- ea 2 

86/GRA4 

MULTIMETER: to 750 vac ea 1 

in 5 steps to 750 vac in 5 

5 steps, to 150 ma in 3 steps; 

w/carrying case 

Simpson Model 260m or equal 

OSCILLOGRAPH: 2 record- ea 1 

ing channel 

PEN, INKING: (for Oscillo- ea 6 

graph) 

PLIERS: Diagonal Cutting, ea 1 

7 / a in.; FED . . . GGG-P- 

00471d, Type IV, class 1, style B 

PLIERS: Slip Joint: straight ea 1 

thin nose; Combination w/cut- 

ter FED . . . GGG-P-00471d, 

Type II, class 2, style B 

RECEIVER, RADIO: time sig- ea 1 

nal; AM and MCW reception; 

2.5, 5, 10, 15, 20, & 7.335 MH X ; 

audio output niters of 600, 

1,000, 1,200, and 1,600 h z ; 

transistorized; battery oper- 
ated, 7 size "C" 1.25 v mead 

batteries w/ charger; Specific 
Products Bulletin 300 C, model 
WWVT, WWV receiver, Mark 
II (modified for above fre- 
quencies and output) ; MIL- 
R-52563, Amd 1 

SCREWDRIVER, FLAT TIP: ea 1 
6 in Ig blade; FED . . . GGG- 
S-l21d, Amd 5, type I, class 
5, style 1, design A, shape A 
SOLDER, LEAD ALLOY: ea 1 
Wire; Rosincored; U in dia; 
1 Ib spool; FED . . . QQ-S- 
57 Id, composition SN-40 type 
WR, Core 1) 3 or P 3 
SOLDERING IRON: NON- ea 1 
ELECTRIC: with/ 1 ea COP- 
PER TIP, J / 8 in 3432-588-1008 
1 ea COPPER TIP, U in 
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Continued 1 ea COPPER TIP, % in 

3432-588-1010 
1 ea BRUSH 7920-577-4057 
12 ea PRIMER CARTRIDGE 
3439-711-0524 
MIL-S-4S864A 

As required SYRINGE, PEN CLEANING se 

AND INKING SET: BL-929 

8340-634-0087 TENT: observing, astronomic ea 
MIL-T-40031B 

8340-292-9353 TENT: observing; triangula- ea 
tion ground type 
MIL-T-40001B 

6675-382-9140 THEODOLITE, SURVEYING ea 
(T-3) : 24, 30, 40, dia porm 
5 pet magnifying power of tel- 
escope w/3 eyepieces; elec illu- 
mination; \v/ accessories, carri- 
er, cases, tools and fixed-leg 



Continued ments Inc., MIL-T-52035A 

Type II 

6675-641-3572 TRIPOD, SURVEYING: head, ea 1 
% in -11 thd size binding 
screw; extension legs, wood 62 
in porm 3 in Ig, extending, 38 
in porm 2 in Ig retracted; 
metal tipped ft; carrying sling; 
MIL-T-14091B 

6675-NSN % in -11 thd size binding ea 1 

screw; 1% in dia; for theodo- 
lite Wild T-3; 
MIL-T-11362C, size II 

Spare level vials, screws, and plugs should be 
available for onsite repair of broken parts on the 
instruments and equipment. When possible, a 
spare radio, generator, and astroamplifier should 
be included. 
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CHAPTER 5 
PREPARATION FOR OBSERVATION 



5-1. Preparation of the Astronomic Observa- 
tion Site 

a. Procedures for setting up the instrument are 
fully discussed in chapter 2. The stand or pier 
should be at such a height that when the observer 
is seated he is able to look through the telescope 
eyepiece comfortably without having to stretch his 
neck, but not so low that he will have difficulty in 
using the horizontal circle reading microscope. 
For the average man this requires that the top of 
the stand be about 24 to 30 inches above the 
ground. 

b. Whenever feasible the instrument should be 
supported on a concrete pier. To keep eccentricity 
to a minimum, the pier should be set as near the 
station mark as practicable. A concrete pier is con- 
structed in the following manner : 

(1) Dig a hole 15 inches square to a depth of 
36 inches, or more in loose sand or soft soil. If a 
firm footing (clay or bedrock) is encountered at 
a depth of less than 36 inches the surface should 
be gouged to provide a firm bond. 

(2) Construct a plywood form, 15 inches 
square and 36 inches high. Place it over the hole 
in an approximate N-S-E-W position. The form 
should be wrapped with rope or wire to prevent 
its coming apart and braced on all four sides to 
prevent its tipping over. The inside of the form 
should be heavily oiled or lightly greased to facili- 
tate removal after the concrete has set. 

(3) Fill the hole and form with a mixture of 
1-2-3 concrete. A minimum amount of water af- 
fording a workable mixture should be used and the 
concrete thoroughly tamped into place. The tamp- 
ing should be done as the concrete is poured at 
1-foot increments and continued until no large 
bubbles rise to the surface. 

(4) The form should be filled to a level 24 to 
30 inches above ground, depending upon the height 
of the observer. The top of the pier should be level 
and smooth. Depending upon the climate and mois- 
ture content of the concrete the pier will be ready 
for use in about 24 hours. 

(5) Construction of a pier of the above di- 
mensions requires about the following cubic feet 



of materials : cement, 2 1/3 ; sand, 4 2/3 ; and grav- 
el, 7. About 10 gallons of water are required. 
When it is necessary to use sea water, the amount 
of cement should be doubled. 

c. A walkway at least 12 inches wide or a plat- 
form must be placed around the stand or pier and 
so braced that the support is at least 3 feet away 
from the stand. The chairs or boxes that the ob- 
server uses should also rest upon this platform. 
The height to the top of the pier would then be 
measured from the platform. Although a walkway 
is adequate the construction of a portable platform 
is often more desirable. The platform may be dis- 
assembled and carried between astronomic stations. 
It is not only easier to emplace than a walkway 
but the underside of it may be used to mix con- 
crete. 

d. A transportable platform is constructed as 
follows : 

(1) Materials. 

(a) 2" X 4" X 6' 6 each wooden boards 

( b) %" plywood 28" X 72" 2 each 

(c) %" plywood 16" X 28" 2 each 

(d) 1/2" diameter X 4" lag bolts 16 each 

(e) 6d common nails 100 each 

(2) Construction. The platform is constructed 
as shown in figure 5-1. Before screwing in the lag 
bolts drill shank depth with 1/2" diameter drill and 
full depth with %" or 7 /io" diameter drill. Oil the 
underside of the platform before mixing concrete 
on it. 



OPEN SECTION 




PLYWOOD DECKING 



F if/lire 5-1. Portable platform (bottom view). 
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e. A table should be provided to hold timing 
equipment and for the use of the recorder. The 
chronometer must be carefully placed on a solid 
surface or support where it will not be disturbed 
but may be easily read by the recorder. When the 
arrangement is compact the equipment and re- 
corder may be inside the astronomic tent with the 
observer ; however, care must be taken to see that 
no light interferes with the observer. It is usually 
best if the recorder is situated outside of the ob- 
serving tent. A hex-tent or triangulation observing 
tent provides an excellent shelter for the recorder. 

/. Any heat that is provided for warmth must 
not interfere with the observations. A heater 
should never be placed inside the astronomic tent. 

g. The astronomic tent which is provided in the 
astronomic position set is quite satisfactory for the 
observations. The gable end plates of the tent 
frame are easily broken and it is best if the issue 
plates are replaced immediately with plates made 
from %-inch plywood. The specifications for the 
tent and the procedure for erecting it will not be 
given here. The observing slot must of course be 
alined with the meridian, and to accomplish this 
the magnetic compass usually gives the direction 
of the meridian with sufficient accuracy. The tent 
should be well guyed so that it will not flap in the 
wind. A sod cloth is provided at the bottom and 
should be used to provide a seal around the tent. 
In windy areas a wind screen should be erected 
about 3 to 5 feet to the windward side of the tent. 
This wind screen should be used with caution in 
desert areas, as a vortex effect may cause sand or 
dust to be picked up and blown into the observer's 
eyes. 

h. Tarpaulins spread on the ground inside the 
tent help to keep the dust down. In extremely cold 
or windy areas it may be desirable that a portable 
plywood observatory be constructed. With this 
type of observatory it is possible to make the ob- 
servation slot adjustable so that it may be nar- 
rowed to a small slit after the instrument is ori- 
ented in the meridian, but precautions must be 
taken to prevent heat waves from affecting the 
observation. Even body heat from the observer 
may cause heat waves. 

5-2. Basic Position Data 

Before precise determination can begin with the 
T-4 the position of the station should be known 
within 5' of arc. The initial position is used in 
making observing lists and a 5' error is insigniri- 



being done in connection with triangulation th< 
geodetic location is used as the assumed position 
If there is no triangulation station at the astro 
nomic station the position can usually be scale< 
with sufficient accuracy from an existing map. Ii 
desolate areas where the maps are unreliable o: 
nonexistent it is necessary to observe a prelimin 
ary astronomic position. Although a T-2 or T-5 
may be employed, the T-4 itself can be used fo: 
the observation of an initial position. 

a. Latitude by Table II, AE&NA. When Polari, 
is visible the latitude may be most readily obtaine< 
by the following method. 

(1) Using the assumed longitude start th 
chronometer and determine the chronometer cor 
rection (para. 6-14). Observe the zenith distanc 
of Polaris direct and reverse, recording the chron 
ometer time of each observation. Determine th 
mean zenith distance and mean corrected chron 
ometer time. 

(2) Using the corrected chronometer time in 
terpolate the values of a,,, a,, and a. from table I 
in the appropriate American Ephemeris and Nau 
tical Almanac, TM 5-236-Yr. Compute the refrac 
tion correction, r, from: r= 60'.'6 tan and th> 
corrected altitude from: h 90 ( + r). Th 
corrections to refraction for temperature and pres 
sure are not required. Compute the latitude ($\ 
from: $ = h -f- ( + a i + a ^- 

(3) The latitude determined from this metho< 
will be in error to a certain extent because of th" 
error in the assumed longitude. However, if thi 
error in assumed longitude does not exceed abou 
1 minute of time the effect on the initial latitud< 
is not significant. 

b. Latitude from the Meridian Zenith Distanc 
of Any Star. When Polaris is not visible or is at j 
very low altitude another method of finding th 
initial latitude must be used. 

(1) When the right ascension of a star an< 
the local sidereal time are equal, the star will b 
on the local meridian and also at its greatest alti 
tude. By determining the zenith distance of a sta 
on the meridian the latitude can be determine' 
from : <J> = 8 . 

(2) Using the assumed longitude, start th 
chronometer and determine the chronometer cor 
rection (para. 6-14) . From the Apparent Place 
of Fundamental Stars (APFS) find a star tha 
will be on the meridian in 5 to 10 minutes. De 
termine the chronometer reading for the time o 
transit from the star's right ascension -f chron 
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and determine the zenith distance 
position, circle left. 
) Correct the observed zenith distance for 
" e; f faction and compute the latitude from 
~ CT. This is the general formula and alge- 
L Sn.s are important (para. 6-6) . 
' This method of determining latitude is 
"to errors owing to the star actually not 
111 "the meridian and vertical collimation er- 
time the zenith distance is measured, 
error is of no significance in deter- 
initial position. Vertical collimation er- 
reduced by adjustment of the vertical 
a star north of the zenith and a star 
f "the zenith should be observed in the same 
>osition (left or right) and a mean latitude 
values used. 

. Of the many methods of determin- 
longitude, the most expeditious with 
1 is that of the transit of stars over a great 
Plproximating the meridian. The procedures 
entially the same as those used when plac- 
iiistrument in meridian (para. 5-4). 

> May 1968 PM 

Star #1422, A = + 0.54 



a = 16* 
t= 16 



07'" 
07 



38!6 
28.0 



a t = 



+ 10.6 



o vth star ; AT 0.48<i - 10.4 = 
star; AT + 0.54a- - 10.6 = 

Multiplying each equation by the 
A factor of the other equation : 



(N) 
(S) 



(N) 
(S) 

(S) 



+ 0.54 AT 0.2592a -5:616 = 
-0.48 AT -0.2592rt +5.088 = 

Changing the sign of the South 
star equation : 

+ 0.54AT -0.2592o -5!616 = 
+ 0.48 AT +0.2592 5.088 = 



+ 1.02 AT 



-10.704 = 



AT = 10:5 



; ) Errors in this observation may result 
islevelment of the vertical axis and collima- 
f the instrument is well adjusted and care- 
uveled these errors are insignificant. 

'lacing the Instrument Approximately in 
tlie Meridian 

:tei' the assumed position of the astronomic 
Hixs been adopted, the T-4 is placed in the 
f the observer's meridian ; that is, when the 
I motion of the telescope is swung, an exten- 
telescope axis (the line of sight) traces 



(1) Rather than determine the azimuth of the 
instrument (a) , the chronometer correction is de- 
termined and used to correct the assumed longi- 
tude. 

(a) Using the assumed longitude start the 
chronometer and determine the chronometer cor- 
rection (para. 6-14). Using the procedure in par- 
agraph 5-4, observe the chronometer time of 
transit of both a north and south star. The azi- 
muth factors, A, for each star should be less 
than 1.0. 

(b) Determine (a t) for each star from 
the star's right ascension minus chronometer time, 
and the azimuth factor for each star from table 
B-l, appendix B. 

(2) An equation in the form AT+Aa 
(a t) =0 is written for each star and the 
equations solved for AT. Applying AT to the chron- 
ometer time of a radio signal gives the local side- 
real time and subtracting the local sidereal time 
of the signal from the Greenwich sidereal time of 
the signal results in the station longitude. As an 
example : 

North Star #595, A = - 0.48 



= 15" 
= 15 



56'" 
56 



64:7 
53.3 



a 1= +10.4 

Chronometer time of signal (CTS) : 



CTS 

AT 

LST 

WWV UT 
STO" 17 May 
Gain 
GST 
LST' 
X 



15" 51'" 06/7 

+10.5 

15 51 17.2 

05" 20'" 00' 
15 39 00.8 

__, 52.4 

20 59 53.2 
15. 51 17.2 

5" 08'" 36/0 



the observer's meridian. When the telescope's op- 
tical axis is pointed at the true astronomic north, 
and the instrument is leveled (the vertical axis 
thereby pointing at the zenith and nadir) , the in- 
strument is in the meridian. 

b. The easiest method of placing the instrument 
approximately in the meridian is setting up on a 
triangulation station with a known azimuth. Point 
the telescope on the azimuth mark, set the hori- 
zontal circle to the known azimuth, and move the 
telescope horizontally until the circle reads 0. The 
azimuth of the instrument is now said to be and 
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in the meridian. This of course is not quite true, 
since the known azimuth is geodetic and not astro- 
nomic, but it is close enough for the initial orien- 
tation. 

c. If no azimuth mark is available and the ob- 
server is at such latitude that Polaris is visible, 
he can place the T-4 approximately in the meri- 
dian by use of the proper tables in the AE&NA. 

(1) Having the chronometer running at the 
assumed local sidereal time or knowing the chron- 
ometer correction (AT), the observer points the 
instrument on Polaris and tracks with the horizon- 
tal slow motion screw. 

(2) When the star is well bisected the ob- 
server stops tracking and simultaneously calls 
"tip". The recorder notes the chronometer time. 

(3) Entering table II of the AE&NA (TM 
5-236-Yr), for the year of observation, the re- 
corder determines the value of the coefficients ; b a 
for the local sidereal time; b t for his latitude and 
the LST ; and bj for the month of observation and 
the LST. The coefficients are added algebraically 
and the result is multiplied by the secant of the 
latitude (or divided by the cosine). The result is 
the azimuth of Polaris from north. When the sign 
is negative, Polaris is west of north ; when posi- 
tive, it is east of north. The azimuth of Polaris is 
set on the micrometer and horizontal circle before 
the telescope is disturbed. 

d. When the position of the observer is such that 
Polaris is not visible the instrument may be ori- 
ented roughly with a compass and then placed ap- 
proximately in the meridian with the following 
method : 

(1) After the approximate local sidereal time 
has been determined a high magnitude (1 or 2) 
star about to transit is selected from the APFS. 
After the star is found in the telescope, the ob- 
server tracks it with the horizontal slow motion 
screw. 

(2) The recorder, having determined what 
the chronometer will read when the right ascen- 
sion of the star equals the local sidereal time, calls 
"tip" at the predetermined chronometer time. The 
observer stops tracking and the instrument should 
now be approximately in the meridian. 

e. Upon completion of the approximate meridian 
placement the horizontal circle micrometer should 
be set at 00" and then the horizontal circle set at 
00 00' by use of the horizontal circle drive knob. 

5-4. Determination of Telescope Orientation 

All of the above methods place the instrument only 
approximately in the meridian. Since the azimuth 
error should be less than 1 second of time, other 



methods must be used to place the instrument 
more exactly in the meridian. 

a. Stars with the same right ascension are on 
the same hour circle ; consequently, they will be on 
the observer's meridian at the same time. If we 
could observe two stars (one north of the zenith, 
the other south) with the same right ascension 
and they both were to cross the wire approximat- 
ing the meridian at the same time, we would know 
that the instrument was in meridian. If, however, 
one crosses before the other we would know that 
the instrument was not in the meridian (fig. 5-2). 



a A s aB 
* A* i B 

IN THE 
MERIDIAN 



LINE OF 
COLLIMAT10N 



) B 



MERIDIAN 




r A 
HOUR CIRCLE 



a A= aB 
* B 

OUT OF 
MERIDIAN 



f if/ arc 5-2. In or out of the meridian. 

(1) Since we cannot observe a north and a 
south star at the same time and two stars seldom 
have the same right ascension, we relate their time 
of transit to the chronometer. If a north star "A" 
with "a" equal to 12" 02'" 30' transits (crosses the 
center wire) at a chronometer time (t) of 12" 02"' 
30' and a south star "B" with "a" equal to 12 h 05 m 
21" transits at a chronometer time (t) of 12" 05 m 
21" the value of " (a t)" of both is s ; therefore, 
the instrument is in the meridian. 

(2) If star "A" transits at 12" 02'" 33' and 
star "B" transits at 12" 05'" 24 s , the value of 
"(a t)" in each case is minus 3 s . In this case 
the instrument is still in the meridian but there 
is an error in the local sidereal time, either from 
the assumed longitude or in the chronometer set- 
ting. 

(3) However, if the transit times are re- 
spectively 12" 02"' 33' and 12" 05'" 18', the values 
of "(a )" are respectively, 3 s and -f 3', and 
the instrument is not in the meridian. The value 
of 3' cannot be multiplied by 15 (for conversion 
to arc) to obtain the proper correction. Inasmuch 
as time differences (in a sense of angular value) 
are measured along the equator and the circle of 
the instrument measures angles in the plane of 
the horizon we must have a correction for the 
observer's latitude. 

b. It is easily visualized that even though the 
angular difference of two hour circles at the equa- 
tor is, say, V (15"), these hour circles converging 
at the pole make the angle variable when measured 
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in different planes ; the stars nearer the poles ap- 
pear to be closer to each other in an angular sense 
than those nearer the equator (fig. 5-3). The fac- 
tor for reduction is given by the following ex- 
pression : 

Azimuth factor (A) 

= sin sec 8 = sin < tan 8 cos $ 
Where : 

= zenith distance of the star 
<j) = latitude of observer 
8 declination of the star 




ANGLE IN 

PLANE OF THE 

EQUATOR 



DECLINATION A= DECLINATION A' 
DECLINATION B = DECLINATION B' 

Figure 5-3. Angular variation owing to difference in 
latitude. 

c. All stars between the zenith and the north 
pole have a negative ( ) "A" factor. Subpolar 
stars in southern latitudes also have a negative 
"A" factor. (For lower transits use 180 8 in- 
stead of 8) . Table B-l, appendix B, contains "A" 
factors that will give sufficient accuracy for plac- 
ing the instrument in the meridian. 

d. We may write an equation for the transit of 
each star, as follows (Mayers Formula). 

AT + Aa -f Bb + Cc - (a - t) - 
Where : 

AT = chronometer error 
A = azimuth factor 

a = azimuth error (east or west of north) 
Bb == level correction in seconds of time 
Cc = collimation correction in seconds of 

time 

(a t) = star's right ascension minus time 
of observation 

If the instrument has been carefully leveled and 
adjusted the terms "Bb" and "Cc" may be ignored, 
leaving two unknowns: "AT" and "a". By sub- 
tracting the equation for a north star from the 
equation for a south star the terms "AT" cancel. 



By solving the equation for "a" and multiplying 
by 15 we obtain the azimuth error directly in sec- 
onds of arc in the horizon. 
e. As an example: 

For a south star, 

A = + 0.53 and (a-t) = + 1715 
For a north star, 

A = 0.66 and (a t) = + 218 

The equations are: 
South star, AT + . 53a 17! 5 
North star, AT . 66a 2f8 = 
Subtract the equation for the north star from that 
for the south by changing the signs for the north 
star and adding algebraically, thus : 
+ AT+0.53a-17.5 = 
-AT + 0.66(t -f- 2.8 = (signs changed) 

-f- 1 . 19ei 14 . 7 (algebraic addition) 
-f 1.19a= + 14.7 

a = + l2'A= (12. 4) (15) 
= + 186" = 03' 06" 

If the sign of "a" is positive (+) the telescope, 
when pointing northward, is to the west of the 
meridian; if negative ( ), the telescope is east 
of the meridian. A simple sketch verifies the mis- 
orientation of the telescope. The summation of the 
"A" factors of the stars used in putting the in- 
strument in the meridian must be greater than 1. 
/. The placement of the instrument in the 
meridian precedes any observation and should be 
checked closely. If in doubt, check. If the instru- 
ment is releveled during the night's observation, 
placement in the meridian must be rechecked. The 
azimuth error should not exceed 1' (15"), and 
must never exceed 3' (45"). 

5-5. Procedure for Placing the Instrument in the 
Meridian 

a. After the instrument has been placed approx- 
imately in the meridian, a north star and a south 
star, with an "A" factor summation greater than 
1, are taken from the APFS. The time between 
the transit of the selected stars is dependent upon 
the observer's speed, with 5 minutes being about 
the average. The zenith distances are computed 
and the circle setting determined for the position 
of the ocular used. With the instrument set for 
the first star, the observer calls "tip" as the star 
crosses the center wire and the time is recorded. 
The same procedure is used for the second star. 

b. The formula for "a" is solved and the direc- 
tion is determined. The following examples provide 
detailed instructions. The process, although -not 
difficult, must be carefully accomplished. If not 
done properly a full night's work may be lost. As- 
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juming the horizontal plate and micrometer were 
set and still read 00 00' OO'.'O, then if: 

(1) The instrument was oriented 25" east of 

lorth 

(a-) Set 25" on the coincidence micrometer. 

(b) Bring the horizontal circle back into 
coincidence with the circle setting knob. 

(c) Set the coincidence micrometer back to 
:ead zero. 

(d) Move the horizontal circle back into co- 
.ncidence with the horizontal slow motion screw. 

(2) The instrument was oriented 25" west of 
lorth 

(a) Set 25" on the coincidence micrometer. 

(6) Bring the horizontal circle back in co- 

ncidence with the horizontal slow motion screw. 

(c) Set the coincidence micrometer back to 
;^ead zero. 

(d) Move the horizontal circle back into co- 
ncidence with the circle setting knob. 

(3) The instrument was oriented 1' 10" east 
)f north 

(a) Set 10" with the coincidence micrometer. 

(b) Set 1' with the circle setting knob; 
)eing east it should read 00 01'. 

(c) Set the coincidence micrometer back to 
:ero. 

(d) With the horizontal slow motion screw 
)ring the horizontal circle back into coincidence 
it 00 00'. 

(4) The instrument was oriented 1' 10" west 
)f north 

(a) Set 50" with the coincidence microm- 
ster. 

(b) Set 2' with the horizontal circle setting 
:nob ; being west it should read 359 58'. 

(c) Set the coincidence micrometer back to 
;ero. 

(d) With the horizontal slow motion screw 
>ring the horizontal circle back into coincidence 
it 00 00'. 

c. This continues until "a" is less than 1 s . When 
mtting the instrument in the meridian the axis 
s not reversed; it remains in one ocular position 
last or west. After the instrument is in the merid- 
an it should be checked in the opposite ocular po- 
ition. 

>-6. Station Eccentricity 

a. If the astronomic position is observed eccen- 
rically to the survey station, a diagram (fig. 5-4) 
Certified by the party chief, showing the eccentric 
listance, horizontal direction or azimuth, magne- 
ic bearing, elevation of the telescope, and height 
if the support above the ground level shall appear 



in the field records. Efforts should be made to keep 
the eccentric distance less than 30 meters and 
never more than 100 meters, unless approved by 
higher authority. Eccentricity of the azimuth sta- 
tion should be avoided if at all possible. 

6. Where the eccentricity is less than 100 meters, 
the distance may be adequately determined by 
third order taping procedures. With the T-4 in 
the meridian and the horizontal circle properly 
oriented, the direction or azimuth may be found 
by pointing the telescope toward the true station 
and reading the horizontal circle, or the direction 
(azimuth) may be determined by conventional sur- 
vey methods. When the direction (azimuth) is ob- 
served with the T-4, it should be done between 
sets of longitude observations. 

c. The eccentric correction may be computed 
from : 

A x s sin a. A' , , D 

A X and A <p = s cos a B 

Where : 

A X correction to longitude of astronomic 

station 
A = correction to latitude of astronomic 

station 

s = eccentric distance 
a eccentric azimuth, from south, to the 
"true" station from the "eccentric" 
station 

A' and B are taken from TM 5-241-1 for the ap- 
propriate spheroid. The primed values indicate 
that the latitude of the forward station was used 
as the interpolating argument. 



N 



True stotion 




Observer's 
Meridian 

-4 1 

True station 
A 



\ 



/ 

Astronomic 
station 



360* a =Az astro to trut sta 

a * anglt obs with T-4 (minus west 

plus tost) 
b distance astro to trut sta 

Figure 5-4- Eccentric astronomic station. 



i-6 



CHAPTER 6 
DETERMINATION OF LONGITUDE 



61. General 

a. In the determination of astronomic longitude 
it must be understood that local time and local 
longitude are identical values expressed in dif- 
ferent terms, and that the difference in the local 
mean times of two points is equal to the difference 
in their longitudes. Further, it is understood that 
longitude observations are accomplished with the 
instrument in the meridian and adjusted so that 
the line of sight defines the plane of the observer's 
meridian as the telescope is rotated about its hori- 
zontal axis. 

b. Basically the longitude of a station is deter- 
mined by assuming a station longitude, setting a 
chronometer to the local sidereal time for the as- 
sumed longitude and, with the instrument in the 
meridian, observing the chronometer times of star 
transits. Since the local sidereal time is equal to 
the right ascension of a star at upper transit, on 
the observer's meridian, the time correction to the 
assumed longitude is equal to the difference be- 
tween the right ascension of the observed star 
minus its chronometer time of transit (fig. 6-1). 

c. The chronometer is set to the local time for 
the assumed meridian by use of radio signals that 
are broadcast for the standard time of a known 
longitude. 

62. Specifications (Low and Mid-Latitudes) 

a. First Order. 

(1) Only stars catalogued in the Apparent 
Places of Fundamental Stars (APFS) will be used. 

(2) The "A" factor of any star observed shall 




Figure 6-1. Longitude from time difference. 



not exceed 0.75, and should not exceed 0.60. 
The algebraic summation of the "A" factors in a 
set of star observations will not exceed 1.00. 
Further, the algebraic summation of the "A" fac- 
tors for all sets observed should not exceed 1.00. 

(3) A set of observations usually consists of 
six star transits with the time required for ob- 
serving each set not normally exceeding 1 hour. 
Five star transits are the minimum acceptable for 
i\ single set. When an even number of stars make 
up a set, they should be evenly divided between 
north and south stars, i.e., 3N and 3S, or 4N and 
4S. In sets with an odd number of stars, the num- 
ber of north stars should not exceed the number 
of south stars, or vice versa, by more than one, i.e., 
3N and 4S, or 3N and 2S. 

(4) At least six individual sets of stars are 
observed for each station. At least two sets of 
stars are observed during any one observation 
period. The observation periods should be com- 
pleted in two or more nights ; however, they may 
be completed in one night if at least 4 hours sep- 
arate each observing period. 

(5) The stars observed should be tracked over 
a range sufficient to provide 20 but never less than 
10 pairs of contact breaks on the chronograph rec- 
ord to determine the stars' transit time. Normally 
25 to 30 contacts are recorded to satisfy this limit. 

(6) In general, stars that are dimmer than 
7.0 in magnitude are not observed. Stars with a 
magnitude too bright for proper bisection are re- 
duced by a filter or screen over the telescope ob- 
jective lens. 

(7) When using a mechanical chronometer 
each set of observations is preceded and followed 
by a radio-chronometer comparison that contains 
no fewer than 20 scalable radio-time signals. A 
single common radio-chronometer comparison may 
follow one set and then be used to precede the next 
set. The radio signals must have been transmitted 
by a radio station of known position and the signal 
must be of such scientific quality that it is moni- 
tored by an observatory which publishes time sig- 
nal corrections. 

(8) The interval. between comparisons should 
not exceed 1 hour and never exceed 2 hours if me- 
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chanical chronometers are used. 

(9) In the computation of the individual sets, 
any star's residual (v) should not exceed O'.OS sec 
<, unless it is balanced by another residual of about 
equal amount and opposite sign. Any difference 
from the mean greater than ". 15 sec $ causes 
rejection of that star. 

(10) In the longitude summary, the residual 
of any set must not exceed 2.5 sec $ times the 
probable error of a single set, i.e., the rejection 
limit, r 2.5 e, sec <f>. The probable error of a 
single set is computed from : 

e s = 0.6745 * / > where n is the num- 
\ n 1 ber of stars in the 
set. 

Hence, the probable error of the mean longitude 
e\ is : 

a 

eK 4:, where n is the number set in the 
v n determination. 

(11) The indicated probable error of the mean 
result of first order longitude observations should 
not exceed 0'.' 10 sec </>. Prior to clearing the sta- 
tion, sufficient computations will be made to sat- 
isfy these limits. 

(12) If there is an indication that the prob- 
able error will be exceeded, an investigation of 
equipment, tracking, and scaling should be per- 
formed before resorting to additional observations. 

b. Modified First Order. The methods, proce- 
dures, and specifications are the same for modi- 
fied first order as first order except as noted. 

(1) Three individual sets of stars are ob- 
served for each station. A set of stars usually con- 
sists of six star transits. 

(2) The observations may be completed in 
one night. 

(3) The indicated probable error of the mean 
result should not exceed O'.'SO. 

6-3. Specifications (High Latitude) 

. The specifications in paragraph 6-2 are ad- 
hered to with the following exceptions. 

b. Since north (south) stars are relatively 
scarce at high northern (southern) latitudes, it is 
permissible to include in any one set only one pair 
of stars consisting of a north star matched to a 
south, if each of the other pairs in the set meets 
one of the following conditions : 

(1) Two south stars with an azimuth factor 
ratio of not less than 2:1. 

(2) One south star, and one subpolar star. 

c. Azimuth factors of the south stars must be 
well distributed in the range from to 1. The sub- 
polar azimuth factor must not exceed 2.5. In the 



southern hemisphere the reverse procedure 

d. Since level corrections become critic 
using high declination stars, leveling pr< 
must be performed with the utmost care 
forts should be made to have the algebr; 
mation of all the level inclinations appro 
(0). 

e. In high latitudes as in other area* 
world, three pairs of stars are equivalen 
set, meaning that eighteen pairs or six set 
be observed. The more pairs observed du; 
one observation period, the better, but i 
mum number, as specified in paragraph ( 
is required for higher latitudes. 

6-4. General Instructions for Observatii 

a. The instrument is carefully adjus 
placed in the meridian with an azimuth, 
less than 1 second of time before observal 
gin. During observations, the hanging lev< 
ences, (W-E), should never exceed 10 ( 
and the summation of the level difference 
longitude sets should approach zero (0) . 
st rumen t is always kept well leveled, bu 
releveled during a set of star transits. A 
and negative inclination balance is mai 
e.g., if one set is inclined positively, then 
lowing set should be purposely inclined 
negative direction. 

b. Before observations begin an observa 
is prepared. This list contains all availal 
with consideration given to "A" factors ai 
ascension. 

c. The adjustment of the instrument is 
frequently. The roller bearings on the st 
and the clear contact area (bearing pivots 
trunnion axis are kept free of oil and dusl 
use. When not in use these parts are oiled 
vent rust and corrosion. The micrometer n 
freely and smoothly in both directions. 1 
tact strips of the micrometer are cleai 
quently to insure good electrical contact, 
ably after each set. This is best accompli 
holding a tissue or other material lightly 
the micrometer contact strips and turni 
both directions. The contact "Y" is best 
by placing the cleaning material bet\v< 
points on the ''Y" and drawing it slo\vl 
from the drum. 

d. The observations are ALWAYS prec 
a radio-chronometer comparison when a rr 
cal chronometer is used. It is very conveni< 
a great help in the final computations, if thi 
ometer is set as close as possible to the lex 
real time. 
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e. The chronometer used for the comparison 
must be undisturbed for at least 3 hours prior to 
its use, and must not be disturbed during the ob- 
servation period. 

/. All time comparisons are recorded by means 
of a suitable radio receiver, amplifier, and chrono- 
graph. The comparisons are permanently recorded 
by means of a Brush oscillograph, or its equiva- 
lent, at a chart speed of approximately 25 mm/sec. 
The record must be clear and legible and suffi- 
ciently durable to withstand scaling. Pen and ink, 
hard wax, pressure sensitive, or heated stylus rec- 
ords are acceptable. 

//. To provide for accurate identification of radio 
transmitters whose signals are received at the sta- 
tion, the chronograph is operated at approximately 
125 mm/sec for a few seconds before and a few 
seconds after a full minute signal. Preferably the 
recording is during the start of a full 5-minute 
signal so that call signs are also recorded. The 
signal should not be filtered during the recording 
for identification. 

h. With the instrument in either the ocular east 
or ocular west position, the recorder calls out to 
the observer the initial setting circle value for a 
star nearing transit. The observer sets this read- 
ing on the setting circle. He then levels the setting 
circle bubble by unclamping the telescope and 
moving it by hand, roughly leveling the bubble. 
Ho then clamps the scope and line levels the bub- 
ble by means of the vertical slow motion screw. 
The recorder now calls out the explement of the 
initial circle setting and the observer resets the 
setting circle on this value, but does not at this 
time level the setting circle bubble by moving the 
telescope. This procedure enables the observer to 
relocate the star as quickly as possible upon re- 
versal of the telescope. The recorder now informs 
the observer of the magnitude and approximate 
time until transit. A 2-minute warning before 
transit time should always be given to the ob- 
server by the recorder. 

/. Before tracking commences the observer must 
move or position the movable wire outside the 5 
or 15 wire (depending on ocular position) and 
check horizontal circle for a zero degree reading. 
Just prior to beginning actual tracking of star, the 
observer tells the recorder to turn on the chrono- 
graph (for tape type only, since the drum type 
runs continuously). The observer tracks the star 
slightly more than half way toward the center of 
the field of view (about 21/2 turns) with the eye- 
piece micrometer. Without again touching the eye- 
piece micrometer he calls out the readings of the 
hanging level bubble ends, always west end first, 
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to the recorder. The light must not shine directly 
on the level vial because heat from the light can 
cause the bubble to move. Since the observer's 
movement could cause a deflection of the bubble 
an assistant observer, when possible, should read 
the hanging level during observations. 

;/. The instrument is then reversed 180 and the 
telescope reset for the same star by merely level- 
ing the setting circle bubble. When the star has 
moved to the movable crosshair, as left from track- 
ing in the previous position of the telescope, the 
observer resumes tracking until the star has left 
the usable field of the telescope. The observer calls 
for the recorder to turn off the chronograph (tape 
type only) and then roads the bubble ends of the 
hanging level, west end first, to the recorder. Level 
readings are estimated to the nearest one tenth 
(0.1) graduation. 

A". The instrument need not be reversed between 
stars as observations may begin in either the 
ocular east or ocular west position. 

/. The recorder enters the star catalog number 
on the chronograph tape or drum at the start of 
each star observation. The minute marks from the 
chronometer should be identified on the tape as 
often as possible and each star should be bracketed 
by two such identifications. With the drum chrono- 
graph, time need be entered only three or four 
times per sheet if the drum is left running con- 
tinuously. The level readings called by the ob- 
server are entered on DA Form 2844 (Longitude 
Record (Original Transit Level Readings)). 

m. The chronograph should be operated at a 
speed of approximately 10 mm per second for star 
transits and approximately 25 mm per second for 
radio-chronometer comparisons. 

65. Pen Equation Test 

a. If the connection of the electrical timing 
equipment is such that the radio and eyepiece 
micrometer signals are not recorded on the same 
pen of the chronograph, a pen equation test must 
be made prior to and upon completion of a night's 
observations, and also when the pen or stylus has 
been changed or disturbed in its holder. 

b. To make the pen equation test, disconnect the 
plug (plugs) that feed the signals into the chrono- 
graph and manually move the pens in the same 
direction to maximum deflection. Run about 2 
inches of paper on the chronograph, stop the pa- 
per, and move the pens to maximum deflection in 
the opposite direction. Run about 2 more inches, 
stop. The mean scaled linear distance, radio chan- 
nel mark to chronometer channel mark, converted 
to time units (allowing for the chart paper speed 
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of the chronograph) is applied to each radio- 
chronometer comparison. Similarly, the mean 
scaled linear distance, T-4 channel mark to chron- 
ometer channel mark, converted to time differ- 
ences, is applied to the mean scaled transit time 
of each star. The time difference of the two cor- 
rections may also be applied to the final observed 
longitude. The corrections must be carefully and 
judiciously determined and applied. 

6-6. Use of the Setting Circle 

a. The formulas for determining meridian zenith 
distances in the northern latitudes are 

(1) For stars with a declination greater than 
the observer's latitude : = S < 

(2) For stars with a declination less than the 
observer's latitude : = </> S 

(3) For subpolars (stars at lower transit) : 

=180- (0 + 8) 
Where : 

i= the meridian zenith distance 

</> = the observer's latitude 

8 the star's declination 

These equations are also true for southern declin- 
ations and latitudes, which have negative signs. 

b. Any question concerning meridian zenith dis- 
tance of a star on the observer's meridian may be 
answered easily by drawing a diagram similar to 
figure 6-2. For observation purposes, any star 
north of the observer's zenith is considered a north 
star and any star south of the zenith is considered 
a south star, regardless of whether it has a posi- 
tive or negative declination. 
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Figure 6-2. Meridian zenith distance. 

c. In the ocular east position, the circle setting 
for a north star (a star north of the zenith) is 
equal to the zenith distance ; for a south star the 
circle setting is equal to the exolement of the 




OCULAR WEST OCULAR EAST 

Figure 6-3. Setting circle in relation to celestial sphere. 

d. Since a star, in longitude observation is ob- 
served in both ocular east and ocular west posi- 
tion, the circle is set for both values. In the case 
of a north star with a zenith distance of 20 and 
the instrument ocular east, the circle is first set 
20 and the telescope moved until the bubble is 
leveled. The circle is then set to 340 without dis- 
turbing the telescope. After the instrument is re- 
versed to ocular west, moving the telescope ver- 
tically to level the bubble sets the instrument for 
the star. 

c. By setting both circle readings before the star 
appears, the observer has only to level the setting 
circle bubble upon reversal. This makes the obser- 
vation program much smoother and gives the ob- 
server more time to read the hanging level and 
reverse the instrument. If, after the circle has 
been set and the bubble leveled, the star does not 
come near the center wire he should move the tele- 
scope by means of the vertical slow motion screw. 
The telescope should not be clamped in position 
beyond the point where there is enough friction 
to prevent the telescope from shifting under its 
own weight. 

67. Eyepiece Micrometer 

a. The eyepiece micrometer when set properly 
for longitude work has the shaft of the hand- 
wheels perpendicular to the axis of the telescope 
barrel. The movable wire is then parallel to the 
meridian. 

b. Having the telescope oriented for the star and 
the setting circle properly set to pick up the star 
after reversal, the observer must now place the 
movable wire in the proper position. 

c. When the instrument is in the ocular east 
Dosition. a star enters the scoDe above the "05" 
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of the eyepiece. In the ocular west position a star 
enters the scope below the "15" wire, passes over 
the 15, 10 and 05 wires and on out of the field of 
view i.e., it comes in at the bottom of the eyepiece. 
For subpolar stars the opposite is true. Because 
the usable field is considered to be only between 
the 05 and the 15 wires, the observer should place 
the movable wire around the 041/2/151/2 setting de- 
pending on the ocular east/west position, before 
tracking- begins. This procedure insures a good 
bisection of the star when it does pass over the 
05/15 wire. 

d. The observer must remember to have the 
movable wire in the proper position before the 
star appears in the scope. Tracking 1 the star in 
toward the center of the scope (10 wire) the ob- 
server stops tracking around the 7 1 /2/12i/> wire 
and does not disturb the movable wire again until 
the instrument has been reversed and the star is 
again on the movable wire. After stopping track 
at the 71/0/121/) wire, the observer reads the level, 
reverses the instrument, and resets the telescope. 
If this is done rapidly the observer must wait for 
the star to come back upon the movable wire. The 
observer, after the instrument has been reversed, 
must never move the movable wire up (or down) 
to meet the star. 

c. The tracking should be done in a very smooth 
manner, keeping the star carefully bisected at all 
times. The suggested method is to use both hands 
and move the wheel through short motions, al- 
ternating thumbs pushing an ' .ulling as the case 
may be. Note that the movable wire appears to 
move in the opposite direction of the thumbs. 

/. Notice that in case of ocular "east/west" the 
star is tracked from the "05/15" wire to about 
tho "071/2/121/)" position, the instrument reversed, 
and the star tracked out past the wire over which 
it came in. The amount the wire is moved into 
the field of the telescope is unimportant except 
that at least 20 corresponding breaks must be ob- 
tained. Notice also that stars with high declina- 
tions appear to move much more slowly than do 
equatorial stars, allowing them to be tracked far- 
ther toward the center of the optical field without 
reducing available time for reversal of the in- 
strument. 

68. Observing List 

a. The specifications for the observing list (fig. 
6-4) have been stated in paragraph 6-2a(2). All 
that need be known for the preparation of the DA 
Form 3618-R (Observing List for Longitude) is 
the local sidereal time at which the observation 
is to begin and the station latitude. Again, since 



local sidereal time is equal to the right ascension 
of a star on the observer's meridian, the list begins 
at that right ascension for the start of observa- 
tions and continues for a period of approximately 
12 hours. DA Form 3618-R will be reproduced 
locally on 8 x 10i/2-inch paper (image size 7 x 
101/6) (fig. 6-4a). 

b. For convenience in forming the list a table of 
the "A" factors has been provided as table B-l, 
appendix B. Where the "A" factor is needed to a 
high accuracy it should be computed with five 
place trigonometric functions. 

6-9. Observation Records 

a. DA Form 2844 (fig. 6-5) is used to record 
all information (except the information recorded 
on the chronograph) needed to compute the longi- 
tude. The following information is included in ad- 
dition to that required by the form format: 

(1) The name of the assistant observer. If an 
assistant is not used and the bubble is read by the 
observer it shall be so stated. 

(2) The position of the bubble, e.g., whether 
the low number end is toward or away from the 
eyepiece. 

(3) Ocular position (east or west) at the 
start of tracking procedure. 

(4) Releveling of the bubble. Whether or not 
leveled between sets. 

(5) The serial number of the hanging level 
vial. 

(6) Remarks pertinent to the tracking, e.g., 
picked up late, dim, through haze, etc. 

(7) Identification of radio signal and fre- 
quency. 

(8) Mean temperature and atmospheric pres- 
sure for each set. 

(9) What filter and amplifier settings were 
used during the radio-chronometer comparisons. 

6. When a radio-chronometer comparison is 
made the recorder should also make an eye-ear 
comparison and enter this on DA Form 2844, as 
it is an invaluable aid where the question of the 
correct minute arises. 

c. The recorder should check the level lengths 
to insure that no errors have been made. If errors 
have been made, he should see that they are cor- 
rected or that additional stars are observed. He 
should keep a running record of the "A" factors 
and insure that the "SA" for the set never exceeds 
1.00. 

6-10. Checking the Level Record 

Subtracting the smaller level reading from the 
larger reading, with the instrument in one posi- 
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01 


S 
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S/ 3& 


5.0 


+ 25 4&> 


S 


12 
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347 05- 




+ O.ZS 


/S73 


54 54 


6.6 


+ 21 05 


S 


17 


36, 


342 24* 




+0.33 


324, 


21 59 32 


5.7 


+ >2 58 


S 


25 


43, 


334 H" 








+0.45 


831 


22 05 3/ 


4.0 


+ 2B IJ 


S 


/3 


30' 
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+0. Z7 


33 


07 48 
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+ 33 01 


S 


O 5 4o * 
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835 


08 33 


44 


+ 33 01 


S 


05 
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354 2o 
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834 


08 35 
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+ OG> O2. 


S 


32 


39, 
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S583 
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A; 
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Figure 6-4. Longitude observing list. 
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(Paper size 8 x lOVa", image 7 x 10-1/6") 
Figure ti-4a. DA Form 3618-R. 
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PROJECT LONGITUDE RECORD (Original Transit Level Readings) 

(TM 5-23 7) 


LOCATION STATION 

FT BGLVO/X VA </ACKSOM ((/SAGS) /3<Z 


7 


ORGAN IZ ATl6N CH.EF OF PARTY CHRONOMETER 

Oo & c/OA/"S 2^ J2is2.f 


DATE f Local) 

/8 t/i/LY faj*i) 4>8 


OBSERVER ~ ' INSTRUMENT (Type and NO.; RECORDER 


SET NO. 1 


SET NO. 2 




STARS (Or Signal') 


LEVELS 




LEVELS 


W. 


E. 




W. 


e. 


WWV JOMH*. Amp Gain 


4o 




wwv ssMtf* Amp Gas 


is 

*7 ^7 




U T Q5 h 37*" 






UT. Ot> h 32" 






LST 2o h /2 m 40? 9 






LST 2/ h 07" 50*0 






7*65 fi/ - E 


70. / 


2^.3 


300 S- 


68.7 


?/.3 


,*0.9' -O.O2" 


^2.6 


69.7 


-4.Z' +O.Sb' 


24.0 


70<S 




47.3 


46.4 




44.7* 


48.3 


/534 5- IV 


2J.9 


6,3. & 


304- S- W 


24.5 


7/3 


+ 7.8' + 0.1^ 


733 


25.2 


--0" -/A 35 


69.3 


2as 


+ 8.7" + 0./4' 


51.4 


43.6>" 





44.8 


4S.8 


/539 S-e 


70. 5 


23.6 


fio7 /V-" 


69.3 


22. & 


+3.5" +0. 33 


2/.9 


60.7 


- 4.2 ' -o.20 


2*8 


7/.15 


+IZ. Z J +0.41" 


48.6? 


45. /" 


-/2.4 " +0.71'' 


+4.5 


48.7 


778 S - IV 


22.0 


66-5 


/5&Q /V - IV 


24.5 


7/.3 


y-3.9" +0.41* 


70. B 


p^.o 


-7-8 ^ -0-/7' 


67-5 


^o.S 


+ /6J* +0.88" 


48.B 


44.S* 


- 2O.2 ' -+0-54' 


43.0 


50.8 


788 N -e 


65. <o 


23.0 


81 3 /V - f 


t>7. 6 


20.S 


+ 3.3" -0.0& 


2/.Z 


60.0 


^* 
5-O v O . >O 


33.0 


ro.i 


+ 19.4< +o. 33' 


48.3 


45.0 


-25.2' -O.Ob 


44.& 


43. 


792 N- IA/ 


21.0 


<t>8.0 


/S74 5 - IV 


23.3 


70.3 


+ 7.0< -o./2< 


7/5 


24.5 


- 2.4, ' +O.S&" 


63.0 


22.0 


+ 26.4" +0.7f 


5o.5 


V 

43.5 


* s 

P"7 A _A /5 ^ -^ 
C f.O -f" u . ~J ,j 


45.7 


-48. i 






































REMARKS f 
TIO* ^v% /^ w c.?y f* *y%fc i jfc ^K. M jO O ^ ZC" 

' ^*' ' */** ^^ / CTrf/J^ "* ^J ^ ^^ 
^^ * ^* ^y ^Ot r^Jrff ^ m ^3 C/ * ^J ^*^9 


*ln proper sequence with tar to ahow time o/ reception, include following data /or each time signal received: 
Time (Local, standard, etc.); radio-station Identification; frequency. 



DA.ccV2844 



\ 



Figure (J-5. Lonflitudc record. 



tion, gives the length of the bubble in graduations. 
As the length of the bubble varies only slightly 
during a night's operation, a difference of more 
than one graduation upon reversal indicates an 
error in reading the level and may cause rejection 
of the observation in which it occurs. The bubble 
length may gradually increase or decrease as the 
ambient temperature changes, but the length will 
not fluctuate. Therefore, if fluctuation does occur, 
it indicates an inconsistency of interpolation in 
reading the bubble ends. 

61 1 . Measuring Scale 

Since the time and star observations are trans- 
formed into a measure of length on the chrono- 
graph, the marks can be measured and read by the 
use of glass or plastic scales. 

a. Since choice of design is a matter of pref- 
erence, several designs have been used by various 
units. One such type, found to be quite acceptable 
(fig. 6-6), is photographed into stable base film. 
It has the following characteristics : a height of 
135 mm, a base 70 mm wide, and a top 15 mm 
wide. Between the base and the top are parallel 
lines about 6.75 mm apart. Both the top and 
base are divided into 20 equal spaces with lines 
joining the corresponding parts. 




(Side View) 



e (i-C. Mcusttrhifl scnh 1 . 



b. The parallel lines are used to line up the scale 
on the chronograph record, while the converging 
lines are used to scale the record. Inconsistent 
speeds of the chronograph may cause the length 
of the seconds to vary on the record. The scale may 
be shifted vertically to get a perfect match be- 
tween the recorded seconds and the converging 
lines. With such a scale the time may be easily 
scaled to 0.1 second. 

6-12. Radio-Chronometer Comparison 

a. Before scaling the star transits the radio- 
chronometer comparisons (fig. 6-7) are scaled and 
computed to find if all are usable; incorrect or 
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insufficient comparisons can cause rejection of one 
or more sets. DA Form 2845 (Radio Time Signals) 
is used to record the sending time of signal (radio 
time), and the local chronometer time of signal 
(corresponding chronometer time) from the chron- 
ograph strip. 




Figure 6-7. Radio-clirono meter comparison. 

b. With the radio-chronometer comparison tape 
laid out, the computer identifies the exact minutes 
and writes, by each chronometer second and each 
identifiable radio break, its value in seconds. Using 
a suitable scale, the chronometer time to the near- 
est s ; 01 is determined for each radio second (fig. 
6-8). At least 20 signals are scaled. 




Figure 6'-i'. Scaling the chronometer time of a radio signal 

c. The mean epoch is the mean of the radio sec- 
onds (adding 60' to each radio second after a 
change of 1 minute if this has occurred) entered 
to the nearest 0:0001. The adopted mean epoch is 
the time to the full second nearest the mean epoch. 
The mean scaled reading is the mean of the scaled 
chronometer times to the nearest 0!0001. 

d. Each of the radio signals may now be reduced 
to the adopted mean epoch by addition or sub- 
traction of the difference in time between the sig- 
nal in question and the adopted mean epoch. Addi- 
tion or subtraction of this same value to the cor- 
responding chronometer time of the signal in 
question would not be correct since the chronom- 
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eter runs on sidereal time and the radio signals 
are in mean solar time. A correction must be ap- 
plied to the chronometer time because of sidereal 
gain, e.g.: 

(1) If the adopted mean epoch was 38 m 45' and 
the corresponding chronometer time 14 m 26 .'48 and 
the signal in question was 38"' 33 s with a corre- 
sponding chronometer time of 14'" 14M5, a value 
of 12 J must be added to reduce the radio signal to 
the mean epoch. To reduce the corresponding chron- 
ometer time of signal to the mean epoch, 12 s must 
be added, plus the amount that sidereal time has 
gained in the 12' or 0;"033 for a total correction 
of +12. S 033. 

(2) The correction to reduce sidereal time for 
a corresponding mean time interval is 0.' 00273791 
per mean solar second. The corrections are tabu- 
lated in table B-2, appendix B, with the time in 
seconds from the mean epoch as the argument. 
The correction before the mean epoch is added to 
the chronometer time; after the mean epoch, it 
is subtracted from the chronometer time. An arith- 
metic mean to the nearest O'OOOl is the corre- 
sponding chronometer time of the mean epoch. 
Any signal that varies from the mean by more 
than 0.'020 must be rejected and a new mean 
computed. 

e. A correction, mean to sidereal time, is now 
determined for the time interval between the mean 
epoch of the radio signals and the adopted mean 
epoch. This correction is applied to the mean of 
the scaled readings (positive if the adopted mean 
epoch time is later than the mean epoch time). 
The result should agree with the mean of the 
local chronometer times of the mean epoch within 
0:0003; if not, an error has been made. The 
local chronometer time of the mean epoch correct 
to O.'OOl is entered as the corresponding chronom- 
eter time (fig. 6-9). 

6-13. Radio Time Signals 

The time signals used must be of scientific quality, 
must be broadcast from a station of known posi- 
tion, and must be monitored by an authoritative 
observatory that publishes a periodic list of cor- 
rections to signals. 

a. The desirable time signal to use in the west- 
ern hemisphere is broadcast by the National Bu- 
reau of Standards over radio station WWV at Fort 
Collins, Colo. These signals are broadcast 24 hours 
a day at frequencies of 2.5, 5, 10, 15, 20, and 25 
megahertz, starting at 11 minutes before each 
hour and continuing until 45 minutes after each 
hour. The signal is a 1000 h x pulse of 0.005-second 
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duration broadcast at each second, omitting the 
59th second, and with a double signal 0.1 sec apart 
on the full minute. The exact second is referenced 
to the beginning of the 1000 h z pulse. The Green- 
wich Mean Time is broadcast by voice prior to 
each 5-minute interval. 

6. Suitable signals to use in the eastern hemi- 
sphere are those broadcast by radio station JJY at 
Koganei, Tokyo, Japan. These signals are broad- 
cast 24 hours a day on frequencies of 2.5, 5, 10, 
and 15 megahertz, starting at 21 minutes before 
each hour and continuing until 25 minutes after 
the hour. The signal is a 1600 h 2 pulse of 0.005- 
second duration broadcast at each second. The full 
minute is marked as the 1600 h, pulse following 
a 600 h,. marker pulse of 0.655-second duration. 
The Japanese Standard Time (135 E) is broadcast 
by voice ;n Japanese during the intervals 34 to 35 
minutes and 59 to 60 minutes of each hour. The 
carrier wave is modulated at 1000 hertz during 
the intervals to 10 minutes, 20 to 25 minutes, 
and 40 to 50 minutes of each hour. The exact sec- 
ond is referred to the beginning of the 1600 h x 
pulse. The 1000 hertz band-pass filter should not 
be used to record JJY. Its presence would result 
in the second pulse being filtered out, but the be- 
ginning of the modulation tone (1000 hertz) would 
be recorded 0!045. later and mistaken for the be- 
ginning of the second pulse. 

c. Several other transmitting stations broadcast 
time signals of scientific quality that may be used 
during longitude observations. Appendix D gives 
call signs, frequencies, and locations of the most 
frequently used transmitters. Positions of moni- 
toring observatories are also listed. The monthly 
bulletin (Circular D) and Annual Reports of the 
Bureau International de 1'Heure (BIH), Paris, 
should be consulted for the most comprehensive 
and current information relative to transmitter 
locations and emission time corrections for the 
various worldwide radio time signals broadcast by 
coordinated observatories and time services. The 
Circular D bulletins are distributed through the 
US Naval Observatory. 

6-14. Chronometer Corrections and Rates 

After all mean radio signal epochs and their cor- 
responding chronometer times have been com- 
puted they are entered on DA Form 2847 (Com- 
parison of Chronometer and Radio Signals) in 
chronological order. The form is self-explanatory 
and requires only the following comments : 

a. Change in Nutation. The values of apparent 
sidereal time at 0" UT include the values of long 
and short period terms of nutation (equation of 
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RADIO TIME SIGNALS 

(TM 5-237) 


OBSERVER 

&SG UO*JE S 


DATE STATION 


RECORDER 


VA/ 


TIME ZONE OF SIGNAL FREQ OF SIG NAL 

O Gf*?7~ /O j/#& WWV 


Sending Time of 
Signal 

OS K 


Local Chrono- 
meter Time of 
Signal 


Correction to 
Reduce to 
Mean Epoch 


Local Chrono- 
meter Time of 
Mean Epoch 


Sending Time of 
Signal 


Local Chrono- 
meter Tim e of 
Signal 
2/ h. 


Correction to 
Reduce to 
Mean Epoch 


Local Chrono- 
meter Time of 
Mean Epoch 
2/ h. QS m. 








s. 


m. s. 


m. s. 


s. 


8. 


38 33 


/4 14.45 


+ .033' 


.483' 


33 /4 


03 04.42 


f .030' 


.450' 


34 


15.45 


.030' 


.4&o' 


/S 


OS.42 


.027' 


.447' 


35 


S&.4S 


ozT 


477' 


He 


O(o.42. 


.025' 


445' 


3t> 


17. 45 


.025' 


.475' 


17 


07. 42. 


OZZ' 


.44Z' 


37 


I8.4(o 


-OZZ' 


48Z' 


18 


<?^.43 


013' 


.443' 


39 


20.47 


.OJ<i 


.486,' 


/3 


03.43 


O/fg" 


.44ft' 


40 


SI. 47 


. o/4> 


434' 


2o 


/o. 43 


Ol 4" 


.444' 


41 


22.47 


. OJI' 


461' 


21 


//.44 


.on* 


.45 1' 


4Z 


23.47 


.008' 


.47 A' 


22 


12.44 


.008' 


.448' 


43 


24. 4 B 


,ooS' 


.435' 


23 


13.44 


.005' 


.445' 


44 


25. 4 8 


*- . 003' 


.483' 


24 


14.45 


+ .003' 


.453' 


J&+' 45 


Z6.4B 


O .OOO' 


26 .480' 


"2fr 25 


IS.4S 


O.OOO' 


/5 . 4*O' 


4(a 


27.43 


- .003' 


467 


2( 


/6>.45 


.003' 


.447' 


47 


Zff.49 


.006' 


485' 


2.7 


17.45 


.005' 


.445' 


48 


23.49 


.008- 


.482 


28 


/B-4l> 


.008' 


4SZ' 


43 


30.50 


oil' 


483' 


29 


IS.4L 


Oil 


.443' 


5o 


3A50 


oi4' 


.48<o' 


30 


20.47 


O/4 


.456' 


S/ 


32-50 


.01(0' 


484' 


31 


ZI.47 


OIL 


-454' 


S2 


33.50 


.013' 


48 '/' 


32 


22.4B 


OI9' 


.45 1' 


S3 


34.50 


Q2.Z' 


.478' 


33 


23.48 


.ozz- 


4S&' 


54 


35.50 


.OZS' 


.475' 


34 


24.48 


.025 


.455' 


55 


36.51 


.QZT 


.483' 


35 


25.48 


.ozi 


453" 


38 St, 


/4- 37.57 


- 030' 


480' 


33 3(c, 


26.49 


- .030 


' -460' 
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26. 2^3^ ' 
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,48/^' 
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/5. 45O* 


y*/A/ 


. 450 ' 
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/SJuL (>t 


1 (AM) 




x.c.c. * ^^ 
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MEAN EPOCH OS* 33*" -44* 7SZ & ' 


MEAN EPOCH Q&* 3$"" 25* O ' 






MEAN SCALED READINGS && 363 


MEAN SCALED READINGS /^. 4 SO ' 


CORR, MN TO SID (-fO. Z/7*) ^ . 2 / 8 " *"" 


CORR. MN TO SID f 0. O ) ' . OOO ^ 


24. 48i y / 


JS. 4SO* y 


ADOPTED MEAN EPOCH OS ** 38 4S? O ' 


ADOPTED MEAN EPOCH O4>** 33*" 25 ? O ' 


CORR CHRON TIME 2O** M 2& S 4&2- ^ 


CORR CHRON TIME / 09*** /S. 4>O ^ 


COMPUTED BY DATE 

SP 5 MA&TJM 14 AU& ,& 


CHECKED BY DATE 

f SSG (JOA/ES 14 Qu& t>& 



DA . 5S?M 2845 



p irf lire (> n. Radiu time signals. 
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the equinoxes). As the radio-chronometer com- 
parisons are seldom computed for 0" UT, a cor- 
rection for the change in nutation that has oc- 
curred between 0" UT and the UT of the radio- 
chronometer comparison is required. The correc- 
tion is determined by using the UT of the signal 
converted to decimal parts of a day as the inter- 
polating argument. Tabular values of nutation are 
found in the APFS, table II, under "Equation of 
the Equinoxes" ; "Long Period" and "Short Peri- 
od". 



Long period Short period 

Ofl24 -OfOOS 

-0.120 -0.014 

+ 0.004 -0.006 

-0?002 



Tabular value at 0* UT 14 Dec 68 

Tabular value at 0* UT 15 Dec 68 

Change 

Total change 

UT of signal 05* 38 m 45' 14 Dec 68 

As decimal part of a day 0*235 

Corr for change in nutation = (0.235) (0.002) = 5000 

Since the values of long and short period terms 
of nutation are included in the listed apparent 
sidereal time, only the change and not the total 
values are required. 

NOTE 

The example for 14 December 1968 was 
used, as the total change for 18-19 July 
1968 was 0: 000 

b. Transmission Time. The time required for a 
radio signal to travel from the transmitting sta- 
tion to the field station is not instantaneous but 
varies with the distance between the stations. 
Where only one signal source is used, the usual 
practice, the correction is a constant at any one 
field station and is applied to the observed longi- 
tude. When more than one transmitting station 
has been used it becomes an individual correction 
for the appropriate comparison (para. 6-25). 

c. Correction to Signal. Small corrections must 
be applied to the emitted time signals of coordi- 
nated radio time service stations. For explanation 
of the source and application of these corrections 
see the appropriate bulletins of the BIH. In addi- 
tion, correction bulletins are published by certain 
worldwide observatories in cooperation with BIH. 

(1) The most easily obtained correction bul- 
letins are those published by the US Naval Obser- 
vatory. Preliminary corrections are published 
weekly. These time signal correction bulletins and 
the BIH Circular D may be obtained regularly by 
writing to Times Service Division, US Naval Ob- 
servatory, Washington, D. C., 20390. A Prelim- 
inary Time Signal Correction Bulletin is shown in 
figure 6-10. When the correction is entered on the 
radio-chronometer comparison, it should be noted 
whether the preliminary or final correction is used. 
A BIH Circular D is shown in figure 6-11. 



(2) All longitude observations are referred to 
UT1. Therefore the quantity to be used is for 
UT1-UTC. Unless otherwise stated it is under- 
stood that the correction is in terms of hundredths 
or thousandths of a second. For example, if 
the correction is "0040" the time of the signal 
was 0:0040 late, or if the correction is "9970" the 
signal was 0:0030 early. The corrections are ap- 
plied algebraically, as below, remembering that 
eastern longitudes are considered negative and 
western longitudes positive. 

Signal Sign of the correction 

Early Negative 

Late Positive 

Often when the correction is constant during an 
entire observation it is applied as a correction to 
the observed longitude. 

d. Rate. The chronometer correction assumes 
the sign obtained by subtracting "Local Sidereal 
Times" minus "Chronometer Time of Signal". The 
rate in seconds per minute for any two radio-chron- 
ometer comparisons is computed from the expres- 
sion : 

(2d chrono corr in seconds) 



Rate = 



(2d chrono time in minutes) 
(,1st chrono corr in seconds) 



(1st chrono time in minutes) 

An inspection of the rates is very important. If 
the rates are arratic or change in sign, a mistake 
in the 'computation should be suspected, although 
an error by the recorder may have caused the de- 
viation. Movement of the chronometer also causes 
a rate change. If the change in the rate is large 
or the signs fluctuate, rejection of the comparison 
should be considered if no error can be found. The 
chronometer rate is "negative/positive" if the 
chronometer is "gaining/losing" on sidereal time 
(fig. 6-12). 

61 5. Scaling the Transit Time 

. Considering only the "0" contact of the eye- 
piece micrometer, the relative positions of the 
movable wire and the corresponding time on the 
chronograph strip of a star transit may be shown 
as in figure 6-13. 

If 1, 2, and 3 are the positions of the movable wire 
in the field before reversal and 3', 2', and V are 
the corresponding positions after reversal, the fol- 
lowing relationship exists : 

M (mean point of transit) = i = i 
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US NAVAL OBSERVATORY 
WASHINGTON, D. C. 20390 

18 July 1968 

PRELIMINARY TIMES AND COORDINATES OF THE POLE, SERIES 7 NO. 29 

I. EXTRAPOLATED CORRECTIONS 

Extrapolated corrections of coordinated time signals are issued 
by the US Naval Observatory weekly with the predictions two weeks in 
advance. 




II. PRELIMINARY EMISSION TIMES FOR SIGNALS FROM NSS, 
NBA, GBR, WWV, CHU, AND OTHER COORDINATED STATIONS 

The following times for coordinated stations are derived by 
averaging observations of UT2-UTC made at Richmond, Florida; 
Washington, D. C.; and Herstmonceux, England. B.I.H. corrections 
for each station are used to reduce the individual values of UTO- 
UTC to UT2-UTC before averaging. 

The following table gives values of UTO-UTC, UT1-UTC, and 
UT2-UTC as the differences in the readings of clocks. B.I.H. cor- 
rections are used to reduce UT2-UTC to UT1-UTC. The value of 
UTO-UTC is obtained from UT1-UTC by correcting for the variation 
in longitude of Washington as given by the B.I.H. (Conventional 
Pole). 

UTO is the reading of a clock which indicates time UTO. 
Similarly for UTL, UT2, and A.I. "UTC" is the reading of the 
transmitting clock. 

For 17 July 1968 at 1500 UT 



UTO 


- UTC, 


+ 0*004 


UT1 


- UTC, 


+ 0.007 


UT2 


- UTC, 


+ 0.016 


A.I 


- UTC, 


6.655 



III. PROVISIONAL COORDINATES OF THE POLE 
For 17 July 1968 

B.I.H. x y 

Conventional International Pole +0'.'103 +0'.'188 

Figure 6-10. Preliminary Time Signal Bulletin. 
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BUREAU INTERNATIONAL DE L'HEURE 
(B.I.H.) 

61, Aronu* de 1'Obserratoire 
75 - PARIS Hm 



Circular 3)40 
Paris, 1970 March 



I - UJNlYJBittDAl4 Tina AHD UUUtLU.LNAT.eiO Ufi XlUBi JTUUCi 

smoothed Talus 


raw ralus 


(Oh UT) 2400000.5 


/x 


v UT2-UTC 
y 


UT1 -UTC\ 


x y 


UT1-UTC AT-UTC 


+ O'.'OOI O'.'OOI 0*0001 


OS0001 


O'.'OOI O'.001 


0?0001 


1970 Jan. 3 40 589 


-129 +146 -33 


+15 


-161 +210 


- 4 8?0053 


8 594 


-140 +158 -40 


- 1 


-128 +241 


+ 25 0182 


13 599 


-151 +175 -47 


-15 


-153 +209 


o 0312 


18 604 


-160 +193 -54 


-28 


-137 +242 


- 47 0441 


23 609 


-166 +210 -61 


-41 


-180 +247 


- 37 0571 


28 614 


-171 +230 -68 


-53 


-160 +223 


- 33 0701 


feb. 2 619 


-174 +251 -75 


-66 


-181 +243 


- 53 0830 


AT - UTC 4?213 170 + 
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Figure 6-11. BIH Circular D. 
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123 3' 2' I 1 

Figure 6-13. Eyepiece m icrom ctcr an d ch rono graph record. 

However, this relationship is not exact due to in- 
consistent tracking, therefore a mean is taken : 
1 + r , 2 + 2' 3 + 3' 

2 + 2 



m = 



n 



Where "n" is the number of reduced wire posi- 
tions. The same is true if T\, T,, T 3 , T/, T,', T,', 
are the times that the movable wire is in the posi- 
tions 1, 2, 3, 3', 2', 1', respectively. In practice a 
total of 20 such determinations is made for each 
star. In order to avoid dividing each sum by 2 and 
then by the number of corresponding times, the 
sums are first divided by "n" and then after re- 
jection divided by 2. 

b. DA Form 2846 (Star Transit Scaling) is used 
for the recording of the transit time. The "0" 
strip is identified by an extra strip on both sides ; 
these extra strips are not scaled. The computer 
lays the record for the transit of a star (fig. 6-14) 
out on a table and letters the corresponding marks, 
from the time of transit outward, after identifica- 
tion of the "0" strips. (These are usually marked 
C, B, A, prior to transit and A, B, C, after transit.) 
After scaling the chronometer times to O.'l the 
sums are computed, the mean of the sums deter- 
mined, and the rejection limit of 0:25 sec 8 ap- 
plied. Where rejections are made a new mean is 
determined and the rejection limit again applied 
(fig. 6-15). 




Figure 6-14. star transit on clironouraph strip. 



c. A quick check against gross errors may be 
made by facing any two corresponding marks on 
the tape record together and folding the tape be- 
tween the marks. The position of the crease should 
be quite close to the time of transit, if the chrono- 
graph has remained running throughout. 

6-1 6. Observation Corrections Factors 

The star numbers and scaled transit times are en- 
tered, by set, on DA Form 2848 (Astronomic Lon- 
gitude Data) in order of observation. The mean 
declination, tangent, and secant of the mean de- 
clination for each star are extracted from the 
APFS and entered on the form. The sine and co- 
sine of the latitude, to five decimal places, are 
determined using the most accurately known lati- 
tude of the station. The values of B, b, Bb, \, k, 
and A are then computed to three decimal places. 
a. Correction for Inclination. If the instrument 
were perfectly level, all instrument adjustments 
perfect, and the instrument in the meridian, ver- 
tical motion of the telescope would cause the colli- 
mation axis to follow the meridian (fig. 6-16). 
However, if the horizontal axis is slightly tilted in 
the plane of the horizon the collimation axis then 
traces a great circle resulting in an angle being 
formed at the intersection of the meridian and the 
horizon (fig. 6-17). If the great circle is to the 
east of the meridian all stars transit early, and 
the longitude should be corrected toward the west; 
if the great circle is to the west all stars transit 
late and the opposite correction would apply. The 
reverse is true for subpolar stars. 

(1) To correct transit time for the effects of 
inclination of the horizontal axis, two readings of 
the hanging level are made. Since the divisions of 
the hanging level are numbered consecutively from 
one end to the other, the apparent inclination of 
the telescope, i, will be 

i= (A W-A) 
Where : 

A W the arithmetic difference of the west 
end readings of the hanging level, oc- 
ular east and ocular west 
AE= the arithmetic difference of the east 
end readings of the hanging level, oc- 
ular east and ocular west 

Then the inclination, in the plane of the horizon 
and in seconds of time "b", will be: 
, . d 
6 = t 60 
Where : 

i = inclination in level vial divisions 
d = value of one graduation of the hang- 
ing level in seconds of arc 
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Figure 6-15. Siar transit scaling. 





Figure (1-16. Level instrument. 

[2) The above formulas give the inclination 
e plane of the horizon. Since longitude is 
ared in the plane of the equator, a factor is 
iluced to effect a transformation. The effect 
3 inclination factor is shown in figure 6-18. 
inclination factor is given by : 

B = cos <j> + tan 5 sin <j> 
tere : 

= zenith distance of the star 



H TO H IS HORIZONTAL AXIS 
i IS INCLINATION OF AXIS 
b IS INCLINATION CORRECTION 

Figure li-17. Inclined instrument. 

8 =: declination of the star 
</> = latitude of the observer 

(3) The values of A\V and AE are recorded 
on DA Form 2844. A subtraction in the sense 
(AW AE) gives the inclination with the proper 
algebraic sign. This is entered on DA Form 2848, 
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^INCLINATION ,. 

REDUCED TO // 

EQUATOR (Bb) // 




B = REDUCTION 

b = INCLINATION CORRECTION 

i = INCLINATION OF HORIZONTAL AXIS 

Figure 6-18. Inclination factor. 

multiplied by d/60 to give "b", and then by "B" 
to give the correction "Bb". 
b. Correction for Collimation. 

(1) If the wire indicating the optical axis of 
the telescope is actually alined with the optical 
axis, the line of sight of a perfectly adjusted in- 
strument traces the meridian. If there is some er- 
ror in the collimation adjustment (fig. 6-19) the 
wire actually traces a great circle tilted to the 
meridian. The effects of the collimation error of 




the instrument are eliminated by reversal of the 
instrument during the observation. Hence, half of 
the transit is observed early (or late) and the 
other half observed late (or early) by an equal 
amount and the mean of the two halves is free of 
the effects of the collimation error. 

(2) The same effect as collimation error exists 
in the observations with the eyepiece micrometer ; 
however, they are not eliminated by reversal. The 
collimation error affects the observed transit time 
of the stars. Therefore a factor is required to re- 
duce this error from the plane of the horizon to 
the plane of the equator. Figure 6-20 illustrates 
this factor and is given by the secant of the star's 
declination (sec 8). Therefore, in reference to the 
figure 

C = sec 8 

c = collimation error 

6 = angular error, referenced to NCP 
C c = total correction, reduced to equator. 



NCR 



AXIS OF 
COLLIMATION 




Figure 6-20*. Effects of collimation error. 

c. Correction for Eyepiece Micrometer. The de- 
termination of this correction has been discussed 
in paragraphs 3-7 through 3-10. The formula as 
shown in paragraph 3-10c is altered as follows, 
because the sec 8 was defined to equal "C" ( (2) 
above), hence the micrometer correction becomes 



WEST 



EAST 



Figure 6-19. Collimation error. 



(m + s) C 

d. Diurnal Aberration. This correction would be 
more properly applied to the apparent position of 
the star, but for sake of simplicity it is applied to 
the transit time. 

(1) If the observer were perfectly stationary, 
in regard to the rotation of the earth, when point- 
ing on a star the light rays from the star would 
enter the telescope at the objective end and emerge 
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at the eyepiece instantaneously. Since the earth is 
rotating, carrying the observer with it, and the 
latitude of the observer has a direct effect on his 
rotational speed, the observer must incline his tele- 
scope slightly in the direction of motion so that the 
light rays pass through the objective and strike 
the eyepiece in a straight line. This apparent dis- 
placement is known as aberration of light. There 
are two types ; diurnal, the aberration due to the 
daily rotation of the earth, and annual aberration, 
which is due to the earth's orbital motion about 
the sun. Annual aberration is included in the 
values in the APFS and is not considered here. 




Figure 6-21. Effect of aberration. 

(2) The effects of the diurnal aberration are 
graphically illustrated in figure 6-21, where: 

OE = position of the telescope when light from 
star strikes 

S = angle ray of light makes with direction 
of observer's motion 

S' = angle telescope makes with direction of 
observer's motion 

S S' angle of tilt in direction of motion that 
enables light rays to strike eyepiece when 
observer reaches position E' 
t = time required for observer to travel from 

E to E' 

EE' = tv, where v equals the velocity of the ob- 
server 

OE' = tc, where c equals the velocity of light 
From triangle EE'O with k' equal to the aberration 
of light angle (S S') 

sin k' _ EE' __ v 
sin S' ~ OE' c 

Since k' is very small we write sin k' = k' sin 1" 
and sin S' = sin S, we have : 
v 



When applying diurnal aberration to observations, 
we find the velocity of the observer .in kilometers 
per second equal to : 

2n p cos (ft 
24 X 60 X 60 

Where p equals the mean radius of the earth, 
6,378 kilometers, and the (ft is the latitude of the 
observer. 

v or velocity of observer = 0.464 cos (ft 
substituting in the first equation : 
0.464 cos <ft 



k' = 



777 sinS 



300,000 sin V 

Assuming sin S = sin S' without the loss of accu- 
racy we have : 

k' 0'.'319 cos (ft or k' 0.'0213 cos (ft 

(3) In the application of diurnal aberration 
to longitude observations we have the relationship 
shown in figure 6-22. 



MERIDIAN 




k f = 



c sin 1" 



sn 



Figure 6-22. Diurnal aberration applied to longitude. 

(4) To compensate for aberration, the tele- 
scope should be tilted in the direction of motion 
(west to east) by the amount k'. Since the tele- 
scope is in a fixed position with regards to the 
east-west motion, stars crossing the meridian are 
therefore observed late by the amount k, or the 
arc distance RA. From the law of sines in the 
spherical triangle PAR, and keeping in mind that 
the polar distance PR is equal to 90 - 8 we have : 

sink _ sin 90 

sin k' ~ sin (90 - 8) 

Since k and k' are very small angles, we may 
write, k-=k f sec 8 
Substituting, we have : 

fc = O. s 0213 sec 8 cos (ft 

and from previous determination "C" = sec 8, we 
may finally state: 

k = 0:0213 cos (ft C 
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e. Azimuth Factor. The effect of the azimuth 
factor has been explained in paragraph 5~4&. Al- 
though the azimuth factor is not utilized on this 
computation sheet, it is computed and entered at 
this time as the factors necessary for its compu- 
tation are included on this form. 

6-1 7. Corrected Transit Time 

The correction for instrument errors and aberra- 
tion applied to the scaled transit time will now 
give the transit time unconnected for chronometer 
error : 

t (scaled transit time) + \ k + Bb 

6-1 8. Chronometer Correction for Any Star 

After the difference between the assumed local 
sidereal time and the chronometer time has been 
computed and the rate determined (para. 6-14), 
the chronometer correction (At) for any star may 
now be computed. Time and At for the first ra- 
dio-chronometer comparison are respectively : 20" 
14'" 26?482 and + 05 S .583. For the next radio- 
chronometer comparison they are: 21" 09"' 151450 
and + 05:595. The rate is -j- 0:0002 19 per minute. 
Star 765 has a scaled transit time of 20" 20'" 58! 070. 
The difference between transit time and the prior 
radio-chronometer comparison is therefore 06?543. 
Then: 

At= + 051583+ (06. 543) (+0:000219) 
- 05 .'583 + (+ 0:001) = + 05:584 
The chronometer correction for any star may be 
computed when the transit time has occurred be- 
tween two radio-chronometer comparisons. 

6-19. Computation of Right Ascension 

a. The apparent right ascension is obtained from 
the APFS for stars observed for longitude. Epoch 
type catalogs may be used, but their use is rec- 
ommended for electronic computers. 

b. The APFS is a catalog of the "10 day star" 
type; i.e., the positions are given for every 10th 
day referenced to the FK4 system. This actually 
gives the apparent place for every 10th upper 
transit or every 9.973 solar days. 

c. The meridian of reference in the APFS is the 
meridian of or the Greenwich meridian. If the 
observer were at a longitude of the right as- 
cension at upper transit of any star on any day 
could easily be interpolated by a fractional part 
of 10. When an observer is on a meridian other 
than the Greenwich meridian his longitude be- 
comes part of the interpolation argument when 
apparent position at upper transit is desired. 

d. Example : an observer with a longitude of 77 
W desires to determine the right ascension at up- 



per transit of star 765 on the local date 18 Jul 68. 
Apparent right ascension at upper transit of the 
Greenwich meridian is listed for 12.0 Jul 68 and 
22.0 Jul 68. If upper transits were made at 12.0 
and 22.0 UT they were also made at 12.0 and 22.0 
local mean time. Between 12.0 Jul and 22.0 Jul 
there were 10 upper transits, therefore when re- 
ferred to Greenwich the interpolating argument 
is approximately 6/10, but when referred to the 
meridian of the observer the star has moved 0.214 
day (77) past the upper transit of the Green- 
wich meridian. The argument therefore becomes 
(6.0 + 0.214)79.973 or 6.214/9.973-0^623, and 
this value is usually denoted by *y. In the east- 
ern hemisphere the longitude in decimal parts of 
a day is negative in the interpolating argument. 

e. Since lOths of days are included in the dates 
only to avoid confusion and the interval is always 
10, the lOths of days may be dropped in the re- 
duction. The functions of right ascension and de- 
clination are neither linear nor simple algebraic 
curves but are very complex. The values of the 
differences vary constantly in amount and sign. A 
simple interpolation (linear interpolation) is not 
sufficiently accurate, therefore the method of in- 
terpolation with respect to second differences (Bes- 
selian interpolation) is used. The second differ- 
ence correction is given by: 

B" (A,/' + A,") 
Where : 

B" = the interpolating argument and is a 
function of the interpolating argu- 
ment Oj) of the linear interpolation 
(A,," + A,") = the sum of the second differences 
The interpolating argument is computed from the 
expression : 



Where : 

77 the interpolating argument for the 

first difference 

Using the "?/' determined in d above we have: 
y = 0.628 (0.628- 1.0) = _ a()69 

The sign of the correction is opposite in sign to 
the sum of the second differences. An example of 
the determination of right ascension (a) at upper 
transit for one star is shown below. 

Star 765 
Argument Function Differences 



Jul 2 1 



20" 21'" 06 '939 
07 103 



1st 



+0 164 



2d 



i 12 07 103 -0 050 

9.973 6+0 214 +0 114 

22 07 217 -0 054 

+0 060 
31.9 07.277 
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on 18 Jul 68: 

a - 20* 21'" 071103 + (0.623) (-J- 0.114) 

+ (-0.059) (-0.104) 
a = 20" 21'" 071103 + 0.071 + 0.006 

-20" 21"' 07: 180 

6-20. Determination of the Mean Epoch of 
Observation 

a. In many series of computations it is neces- 
sary to determine the universal time of an instant 
of observation. The first differences of the func- 
tions given in a star catalog are in some cases 
small enough that, rather than having to reduce 
each observation to UT, a "mean epoch" is as- 
sumed as the argument for a series of observa- 
tions. These instances occur in the determination 
of such values as short period terms of nutation 
and Besselian Day numbers. 

b. An approximate mean epoch may be assumed, 
without loss of accuracy, for all observations made 
during a period of 4 hours or less. When the period 
exceeds 4 hours or there are long periods of in- 
activity during the observation period, more than 
one mean epoch is assumed. 

(1) The t problem to be solved is the conver- 
sion of a local sidereal time to a Universal Time, 
expressed in days and fractions thereof. When- 
ever stars arc observed on the meridian, right as- 
cension of these stars may be substituted for the 
sidereal time road from the chronometer. When- 
ever stars not on the meridian are observed the 
corrected chronometer time- must be used. 

(2) Consider a series of meridian transit ob- 
servations in which the right ascension of the first 
observed star /s 11" 03'" 05 *, the right ascension 
of the last observed star is 12" 57"' 43'; the observ- 
er's longitude is 10" 20'" 37" E, and the local date 
is 25 Mar 68. The approximate mean epoch of this 
series of observations, in sidereal time, is the 
mean of the right ascension of the first and last 
observed star in the set. 

(3) The same is true in the case of a series 
of observations made on a single star, in which, 
for example, the local sidereal time of the first 
observation is 11* 03'" 05' on 25 Mar 68 and the 
local sidereal time of the last observation is 12" 
57"' 43' on 25 Mar 68 ; here again the approximate 
mean epoch is 12" 00"' 24' on 25 Mar 68. 

c. The longitude difference, in time, is added (if 
west of Greenwich) or subtracted (if east of 
Greenwich) to the mean epoch and the result is 
the Greenwich Sidereal Time of the mean epoch. 
The Greenwich date can usually be deduced. The 
sidereal time of 0" UT for the Greenwich date is 



give the sidereal interval. Dividing this by 24 ".006 

or 1444"' gives the decimal part of the Greenwich 

Civil day. 

Mean epoch in sidereal 
time 20" 41 m 58 J 18 Jul 68 am 

Reduction to Green- 
wich (AX) 5 08 36 

Greenwich Sidereal 

Time 25 50 34 

SidtimeO*UT18Jul68( )19 43 27 

Sidereal interval 06 07 07 

Conversion to solar 06". 110 367'!' 12 _ d 
time: 24^66 r ~1444~ ~ ' Z54 

Greenwich Civil day of 
mean epoch : 18 . 254 Jul 68 

d. As a check on the correct Greenwich Civil Day 
the problem is then worked in reverse i.e., using 
the UT of the mean epoch the local sidereal time 
is determined; if the LST thus computed is not 
within 45 seconds of the local sidereal time of the 
mean epoch an error has been made. If the differ- 
ence is about 4 minutes the wrong Greenwich day 
was chosen and the problem must be reworked 
from the Greenwich Sidereal Time, using the 
proper Greenwich day and hence a new sidereal 
time at 0\ 

6-21. Computation of Short Period Terms of 
Nutation in Right Ascension (-^a) 

a. Precession and all long period terms of nuta- 
tion are included in the values of the apparent 
places given in the APFS. Short period terms of 
nutation must be computed for each star from the 
expression : 

A a (1 a(i|/) d // + d a(f) d F 
The values of "da (i/;)" and "da (e) " are constants 
for each star and are listed at the bottom of the 
columns of the apparent places. The values of "di/;" 
and "df" are tabulated in table I. APFS, with 0" 
UT as the argument. 

b. A mean epoch of observation, as a Greenwich 
civil day, is determined and used to interpolate 
the values of "A\p" and "de". A determination of 
the short period terms of nutation is as follows : 
Greenwich civil day of the mean epoch: 18.254 Jul 68 

dty de 

Tabular value Jul 18 -0:143 +0:050 

Argument^. 254 -0.153 +0.040 
Tabular value Jul 19 -0.182 +0.009 
For star 765 at upper transit on 18 Jul 68 ; 
Aa= (+.043) (-.153) + (- .032) (+ .040) 
= (- .0066) + (- .0013) - - 0:008 
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Short period terms of nutation should be accumu- 
lated on the desk calculator at the same time that 
right ascension is computed. 

6-22. Computation of ( *) 

The value of (a t) for each star is arrived at by 
the solution of the formula: 

(a _ t) = a 4- A OL (t + At) 
After all the (a t)'s have been computed, an 
inspection will reveal any inconsistency from the 
standpoint of sign and/or value. When the as- 
sumed longitude has been very close to the astro- 
nomi|ilongitude, the sign of (a t) may vary. 
However, this variation is small. Any large varia- 
tion in the value should make a star suspect. A 
common error of 30' results from an incorrect 
mean of the star transits when a change of the 
minutes has taken place and was not included in 
finding the mean. A completed (a t) page is 
shown in figure 6-23. 



6-23. Least Squares Adjustment of Longitude 

a. All stars are entered by set, in chronological 
order, with the corresponding (a t) and "A" 
factor on a least squares adjustment sheet, DA 
Form 2849 (Least Squares Adjustment of Longi- 
tude) (fig. 6-24). If all (a t)'s are relatively 
large with the same algebraic sign, a constant may 
be added to each to bring them all close to zero. 
This procedure reduces computation effort for the 
least squares adjustment, but the constant must 
be subtracted from the final result. 

6. Generally (a. t) AX, however there is an 
error remaining in the AX for each star ; this is the 
error caused by the instrument not being exactly 
in the meridian (a) and is given by the following 
expression : 

Azimuth error = a (sin < tan 8 cos <) Aa 
Hence, the equation becomes AX = Aa (a f) 
c. The values -of A X and "a" are solved by the 
least squares method and the individual residuals 
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are then computed for each star in the set. For 
rejection criteria, see paragraph 6-2a(9). 

d. The normal equations for the solution of A A. 
and "a" are 

% A X [A] a + [ (a ) ] = and 

- [A] AX -f [AA] a [A (a - t)] = 
Where "n" is the number of stars in the set. By 
substituting known quantities in the first equation 
and solving for AX in terms of the known values 
and "a", and by substituting that term of AX into 
the second formula, the value of "a" is solved. 
Then substituting the known value of "a" into the 
first formula the value of AX for the set is solved. 
The value of "a" for the set should not exceed 
1!00. After multiplying "a" for the set by the 
individual "A" factor, the individual AX, as deter- 
mined by each star, is computed from the formula : 

AX^Aa (a t) 

The probable error of the mean of the set may be 
computed from the standard formula : 






e m = 0.6745 . 

vnn 



1) 



6-24. Final Longitude Computation 

. The observation sets are abstracted on to DA 
Form 1962 (Tabulation of Geodetic Data) (fig. 
6-25). The probable error of the mean longitude 
"ex" is computed from the standard formula. See 
paragraph 6-2 for allowable P.E.'s. 

b. The observed A X, audio filter lag, transmis- 
sion time lag, and the time signal error (if these 
were not included in the radio-chronometer com- 
parison) are added to the assumed longitude (from 
DA Form 2848). The sum is the astronomic lon- 
gitude of the station referenced to the instantane- 
ous pole of the earth. See paragraph 6-14c for 
correction to signal. 

6-25. Transmission Time Lag 

a. Since it requires a definite amount of time for 
a radio signal to travel from one point on earth 
to another, the time when the radio signal is re- 
ceived is somewhat later than when it was trans- 
mitted. The interval is not large, as the theoretical 
velocity of a radio wave in standard atmosphere 
is approximately 300,000 km per second. The pub- 
lished time signals are emission times, i.e., the 
transmission time lag with respect to the obser- 
vatory has been removed from the published val- 
ues, but the time required for the signal to arrive 
at the astronomic station must be applied to the 
observed longitude. 

b. The arc distance between the transmitting 
station and the astronomic station may be com- 
puted from the formula: 



cosD=: ( sin </>i) (sin <;.) + (cos <,) (cos $.) (cos A X) 
Where : 

D = the great circle distance in arc units be- 
tween the stations 

</> = the respective latitudes of the stations 
A X = the difference in longitude of the sta- 
tions, never exceeds 180 

c. The correction to the observed longitude in 
seconds of time is then given by : 

Trans Lag = 0.000401D 

The arc distance, D, is expressed in degrees and 
decimals thereof; for the correction in arc units 
use 0.006015D. 

6-26. Audio Filter Lag 

A finite amount of time is required for the time 
signal to pass through the radio receiver, audio 
filter, and the amplifier. The method and proce- 
dure for determining the lag are discussed in para- 
graph 4-9?;. Any lag causes the radio signal to be 
late and is applied to the observed longitude. 

6-27. Pen Equation Application 

When both the radio and transit eyepiece signals 
are fed through the same pen on the chronograph 
there is no correction for the pen equation. If they 
are on separate pens the linear difference as meas- 
ured from the pen equation test must be converted 
to time units (considering the chart speed of the 
chronograph) and be applied to the longitude. The 
amount and sign of the correction may be deter- 
mined by logic. The requirement for both a deter- 
mination and application may be eliminated by 
judicious connection of the electrical timing equip- 
ment. 

6-28. Polar Variation 

a. The axis of the earth is not fixed. The direc- 
tion and magnitude of the motion, having been ob- 
served for many years, are defined mathematically 
in terms of precession and nutation. However, 
after applying corrections for the annual, secular, 
and periodic terms there is still a small difference 
between the mathematically defined axis and the 
actual rotational axis. This difference is called the 
polar variation. The difference between the defined 
and actual axis may be observed as a movement 
of the terrestrial poles. It appears as a shifting 
in the latitude and longitude of the poles. The shift 
cannot as yet be precisely predicted and it appears 
to be somewhat random in nature. Although the 
shift never exceeds a very few tenths of a second 
of arc, its effect must be included in precise as- 
tronomic computations. 

b. Certain observatories conduct special observa- 
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tions to determine the actual position of the pole. 
The position of the axis is then defined as a point 
on a rectangular grid at the North Pole. The cen- 
ter of this grid is the mathematically defined 
(mean) pole and the position of the instantaneous 
(actual rotational) pole given by "x" and "y" co- 
ordinates in seconds of arc. The positive direction 
of the "x" axis is southward along the Greenwich 
meridian and the positive direction of the "y" ax is 
is southward along- the meridian 90 West. Pro- 
visional values of the "x" and "y" coordinates are 



given in the Preliminary Times of Emission Cir- 
cular published weekly by the US Naval Observa- 
tory (fig. 6-10). See paragraph 6-13c and figure 
6-11 for information concerning time signal cor- 
rections. 

c. The polar variation affects the observed lati- 
tude, longitude, and azimuth. Formulas for cor- 
recting latitude and azimuth observations are 
given in the appropriate chapters. The correction 
to longitude is given in seconds of arc by : 
A X = (x sin A y cos X) tan $ 



J 
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CHAPTER 7 
DETERMINATION OF LATITUDE 



Section I. STERNECK METHOD 



7-1 . Methods Used 

At mid and low latitudes either the Sterneck or 
the Horrebow-Talcott methods of latitude obser- 
vations may be used. At latitudes above 60 the 
scarcity of available stars may make these meth- 
ods impractical ; in this case the circum-meridian 
method may be used. Each method is described in 
a separate section of this chapter. In all methods 
the determination of latitude has the basic rela- 
tionship of = 8 + . At mid and low latitudes 
the Sterneck method is generally preferred due to 
easier preparation of the observing list and the 
less arduous computation. In the Sterneck method 
a qualified assistant observer is required to read 
the vertical bubble and vertical circle. An attach- 
ment has been developed by TOPOCOM which al- 
lows the observer to read the vertical bubble from 
the eyepiece end of the instrument, thereby elim- 
inating the requirement for an assistant observer. 

72. General 

a. From the expression = 8 the latitude of 
a station may be readily determined from the me- 
ridian zenith distance of a star of known declina- 
tion. By using' precise instruments and observing 
the meridian zenith distance of stars which are 
in the APFS, the astronomic latitude may be de- 
termined to a high degree of precision. 

b. For observations to be acceptable as first or- 
der, the instrument used must have a vertical 
circle with an accuracy equal to that of a T-4 and 
a vertical circle level vial with a sensitivity of no 
more than 3" per 2mm graduation. 

7-3. Specifications 

a. First Order. 

(1) A valid determination consists of eight 
separate groups, each group consisting of eight or 
more star observations. Each group includes ob- 
servations of a minimum of four stars north of 
the zenith and four stars south of the zenith. 

(2) Observations are conducted on at least 
t\vo nights with a minimum of three groups on 



any one night. It is permissible to observe all eight 
groups on one night if at least 4 hours separate 
the two observing periods. 

(3) The zenith distance of any star shall not 
exceed 40 and preferably should not exceed 30. 
Further, the sum of the zenith distances of the 
north stars should not exceed the sum of the zenith 
distances of the south stars by more than 10 
and preferably not more than 5 for any group. 

(4) Generally stars down to the 7th magni- 
tude may be observed. Stars brighter than 3.0 in 
magnitude should be avoided or observed with a 
screen (filter). 

(5) The vertical circle level vial shall be so 
leveled and centered that the summation of left 
minus right will approach zero for each group. 

(6) The probable error of the mean latitude 
shall not exceed O'.'IO. If the error of the mean 
exceeds this amount additional groups shall be ob- 
served. 

b. Modified First Order. The methods, proce- 
dures, and specifications for modified first order 
are the same as first order except as noted. 

(1) Four individual groups of eight stars are 
observed at each station. 

(2) The observations may be completed in 
one observing period. 

(3) The probable error of the mean result 
should not exceed 0'.'30. 

7-4. General Instructions for Observations 

a. The instrument must be in the meridian with- 
in 3 seconds of time or better. 

6. An observation list should be prepared that 
includes all available stars. The observation list 
will include most stars that are observed in lon- 
gitude, hence it is common practice to include the 
Sterneck list with the longitude list. Those addi- 
tional stars for Sterneck observation do not have 
the "A" factor listed (fig. 6-4). 

c. An eye-ear radio chronometer comparison is 
made at the start of the observation, between each 
set (when necessary) and at the conclusion of ob- 
servations. Values, as heard on the radio and 



TM 5-442 



read on the chronometer, are entered to the near- 
est 0!l on the field record. Three consecutive ob- 
servations of time should be made, i.e., read the 
chronometer at the start of a 5-minute period and 
twice more at identifiable minute pulses (para. 
8-6) . It is not necessary to take a radio-chronom- 
eter comparison between latitude sets unless there 
is a break of two hours or more. 

d. The barometric pressure and dry bulb tem- 
perature are recorded at the start of observation, 
between each group and at the conclusion of ob- 
servation. The altimeter should be calibrated be- 
fore field use and set to indicate 300 m (or 1000 ft) 
at a pressure of 29'.'92 hg. (See table B-16 for 
conversion of meter to inches or millimeters of hg.) 

e. The vertical circle level vial must be accu- 
rately calibrated. The vial should be adjusted so 
that the two bubble ends are in coincidence at the 
number 7 graduation of the vial, and should be 
closely centered before bisecting the star. Suffi- 
cient time should be allowed (at least 30 seconds) 
for the bubble to settle before transit of the star 
occurs. It must not be leveled after the star has 
been observed nor before the circle is read. The 
final motion of the vertical level collimation screw 
should be clockwise (against the spring). If the 
summation of L-R for a 'group becomes too large 
(plus or minus) the level vial should be deliber- 
ately set to reduce the sum. 

/. The eyepiece micrometer should be in the lon- 
gitude position and the movable wire brought into 
coincidence with the center "10" wire. Being in 
the longitude position affords a quick changeover 
to longitude without refocusing 1 . 

g. Stars to be observed are usually selected so 
that a south star is observed after a north star, 
or vice versa. It is not desirable to observe more 
than two north stars, or two south stars, in suc- 
cession. However, since it is more important to 
observe a group as rapidly as possible, this prac- 
tice may be disregarded if it causes an excessive 
increase in observing time. 

h. Groups shall be observed in such a manner 
that all stars of a group are observed in one circle 
position, i.e., left or right. The terms right and 
left refer to the location of the vertical circle when 
facing in the direction that the telescope is point- 
ing. The only way to maintain this orientation 
throughout any one group is to observe all stars 
south of the zenith from one eyepiece position (east 
or west) and all stars north of the zenith from 
the opposite eyepiece position. The observer will 
note that by following the proper observing se- 
quence both north and south stars appear on his 
right when in the circle left position and all stars 



appear on his left when in the circle right posi- 
tion. Equal numbers of groups are observed in 
circle left and circle right positions. The circle 
position is alternated between groups. 

i. About 11/2 minutes should be allowed between 
successive star transits when both stars are on 
the same side of the zenith. When the instrument 
must be reversed, i.e., a north star following a 
south star, about 2 minutes should be allowed. 

7-5. Observing List 

The observing list should be included with the lon- 
gitude observing list. Only FK4 stars should be 
included. All stars with a zenith distance not ex- 
ceeding 30 and a magnitude of 7.0 or brighter 
should be listed. 

7-6. Observation Procedure 

a. The observing party should include a mini- 
mum of three men; an observer to observe the 
star, an assistant observer to operate the vertical 
circle, and a recorder. 

b. Before calling out the circle setting for a star 
the recorder must announce whether it is north or 
south of the zenith. This indicates to the observer 
whether he should be in ocular east or ocular west 
position for that star depending on whether he is 
observing the group circle left or circle right. 

c. The observer notifies the recorder when the 
star appears in the telescope field of view. About 
10 seconds before the star transit the observer in- 
forms the recorder to "standby". Using the ver- 
tical slow motion screw the observer bisects the 
star with the horizontal (the center of three close- 
ly spaced wires) wire. The last movement of the 
screw should be clockwise (against the spring). 
The bisection should be checked and corrected if 
necessary until the star crosses the vertical cen- 
ter wire. At the moment of transit the observer 
calls "tip". 

d. The recorder estimates and records the chron- 
ometer time to the nearest Oil. 

e. After calling "tip" the observer should check 
the bisection, but never move the telescope. If the 
bisection is felt to be poor the observation is 
voided. 

/. Without disturbing the instrument the assist- 
ant observer reads the vertical circle level vial, 
left end first, to the nearest 0.1 graduation. The 
assistant observer then reads the vertical circle 
to O'.'l. Two coincidences are read and recorded. 
The coincidences must agree within O'.'S. 

7-7. Zenith Distance Record 

All information must be entered correctly and 
fully in DA Form 5-69, (Horizontal Direction or 



or right, the vertical circle setting, the altimeter 
index, and temperature must also be recorded for 
each group. If the instrument has a vertical circle 
drive, the vertical circle setting should be as close 
to 0000'00'.'0 as possible. In the past it was as- 
sumed necessary to advance the vertical plates for 
every second set that was observed. However, 
through extensive observations by TOPOCOM this 
procedure was found to be unnecessary, because 
the stars observed will have different declinations 
and will be read at various positions on the ver- 
tical plates. 

78. Latitude Computation 

. Use. of Form. DA Form 3619-R (Latitude 
(Sterneck Method)) shown in figure 7-4 is used 
for the computation of the observed latitude for 
each group. DA Form 3619-R will be reproduced 
locally on 10i/> x 8-inch paper (image size 9 8/10" 
x 7") (iig. 7-4a). The field data are checked and 
entered on the form. 

(1) The temperature and pressure reading 
preceding and following the group aremeaned and 
entered in the heading. 
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termined and applied to the observed chronoi 
times before it is entered on the form. If th< 
is large it should also be considered in the c 
ometer correction (para. 6-18) . 

(3) The vertical circle reading must b< 
rected in the record book for inclination I 
being entered on the form. One-half the lev* 
sensitivity, d/2, is multiplied by the dislevel 
L R, for each observation and applied t 
mean circle reading. After all circle readings 
been entered, the observed zenith distance, 
is determined by subtracting the index corn 
(i.e., the vertical circle setting). If the grou; 
observed circle right, the circle readings w: 
tually be the explement of the zenith distanc 
they must be subtracted from 360. 

b. Refraction. Astronomic refraction is tl 
parent displacement of a celestial object caus 
the bending of the light rays from the obji 
they pass through the atmosphere (fig. 7-2) 
(1) The angular amount of displacem 
the refraction correction. In figure 7-2 the 
from star "S" is curved from "a" down to "0 : 
the observer at "0" sees the light apparently 
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Figure 7-1. Zenith distance record (Sterneck). 




Figure 7-2. Astronomic refraction. 

ing from "S"', along the line "bO". The star will 
thus appear at a greater altitude than it really 
is. Thus the difference between the direction of 
"S" and "S"' is the correction which must be ap- 
plied to the apparent zenith distance to obtain the 
true zenith distance. 

(2) Whenever a ray of light passes from rare 
air to a dense medium air (in this case from vac- 
uum into air), bending of light rays takes place. 
Refraction begins at the upper limits of the at- 
mosphere and increases proportionally as the den- 
sity increases from the outer edge of the atmo- 
sphere down to the earth's surface. The density of 
air also depends on its temperature and the 
amount of water vapor contained in it. 

(3) The density layers of the atmosphere are 
assumed to be parallel to the earth's surface when 
they are actually inclined at various unknown 
slopes. To reduce error caused by this assumption, 
zenith distances, north and south, must be closely 
balanced. 

(4) The refraction correction (r m ), to the ob- 
served zenith distance is obtained from table B-3, 
appendix B. This mean refraction is then cor- 
rected by the coefficients for air temperature and 
atmospheric pressure from tables B-4 and B-5, 
appendix B. The corrected refraction is added to 
the observed zenith distance. 

c. Zenith Distance. Computation of the corrected 
zenith distance for star #703 is as follows: 

Mean circle reading 63 09' 59'.' 70 
(DA Form 5-69) 



Inclination - L-R f | \ = -f O."ll 

(DA Form 5-69) 

Corrected circle reading = 63 09' 59 / . / 81 
Index correction 45 
ZD = + 18 09' 59'/81 
Mean refraction - 19'.'00, Temp = 82 F., 

Pres. - 30'.'20 hg 
C n = 1.010, C r ~ 0.941, C BT = 0.950 



Refraction correction = 19'.'00 X 0.950 

= -f 18T05 

Corrected ZD = 18 10' 17'.'86 
d. Star Reduction. The mean epoch, constants, 
right ascension, and declination are computed as 
explained in paragraphs 6-20 through 6-22. In 
this case the right ascension need be correct only 
to the nearest '. 1 hence short period terms of nu- 
tation and diurnal aberration are not significant. 
The declination must be accurately computed and 
the short period terms of nutation in declination 
must be included. There is no diurnal aberration 
in declination of a star on the meridian. The same 
formula is used to compute the declination (S) 
from the APFS as was used for right ascension, 
with a change in terms only, hence: 



(d$) +dd e (de) 

e. Meridian Reduction. In the Sterneck method 
the star may be observed off the meridian, with 
the horizontal wire, while the instrument remains 
in the meridian. In the case of an observation 
when the star is off the meridian a correction must 
be applied to the observed zenith distance to re- 
duce it to a meridian zenith distance (fig. 7-3). 
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MERIDIAN 
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MERIDIAN 

Figure 7-3. Meridian reduction. 

(1) The correction is a function of the star's 
hour angle and declination. To determine the hour 
angle (a t) subtract from the star's right as- 
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jlose approximation of the true meridian distance. 
Che corrected chronometer time should be used 
jut as the value of the meridian distance is not 
jritical for small meridian distances, approxima- 
ions may be used. A very close approximation of 
;he true meridian distance may now be made by 
hiding the mean "a t", excluding those not ob- 
served on the meridian, changing the sign of the 
nean "a t" and subtracting this value from all 
>f the individual "a t's". 

(2) The correction, m, is given by: 
sin- i/o 



m = 



sin 1" 



(sin 2 5) 



Vherc : 



r the local hour angle of the star 
8 the declination of the star 

?he expression "sin 28" is called a double angle 
ormula and is equal to 2 sin 8 cos 8. The correc- 
ion is tabulated in table B-6, appendix B. The 
abular value from this table must be multiplied 
>y 2 to give the total correction. 



meridian, if a star is observed off the meridian, 
the corrections to the observed zenith distance, 
ZD , are applied in the following manner : The ob- 
served zenith distance is decreased numerically if 
the star is near the upper transit between the ob- 
server's zenith and the elevated pole, or if the star 
is on the opposite side of the equator from the 
observer's zenith. The observed zenith distance is 
increased numerically if the star is near upper 
transit between the observer's zenith and the ce- 
lestial equator, or if the star is near lower transit. 
(4) If the star's meridian distance is less than 
6" the correction to the zenith distance will be 
negligible. 

/. Computation of the Latitude, (fig. 7-4) . 

(1) The observed latitude for each star is de- 
termined from 

$ = 5 ZD, for stars north of the zenith 
_j_ ZD, for stars south of the zenith 
< = 180 - (8 -j- ZD) , for subpolar stars 

(2) The mean latitude as determined by ob- 
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Figure 7-4. Computation of Sterneck latitude. 
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s determined by observation of south stars are 
omputed. The latitude as derived from any in- 
ividual north (south) star that varies by more 
lan dr 2'/5 from the computed mean of the north 
south) stars is rejected and a new mean de- 
2rmined. The difference between the mean lati- 
ade as determined by the north and south stars 
i equal to twice the index error. If this double 
idex error exceeds 2 minutes, a new index cor- 
Bction must be determined and the refraction 
irrections recomputed. The latitude for the group 
i then determined from the mean of the mean 
ititude from the north stars and the mean lati- 
ide from the south stars. 

(3) Values which represent the summation 
id difference of either the north or south star 
>nith distances or the north and south star re- 
action corrections are determined. In either case, 
ie difference should not exceed 10 units, i.e., 10 
Bgrees of zenith distance or 10 seconds of ref rac- 
on correction. 

-9. Latitude Summary 

he observations are summarized on DA Form 
)62 (Tabulation of Geodetic Data) (fig. 7-5). 

a. Mean Latitude and Residual*. The mean lati- 
.de is computed and the residuals determined as 
town in figure 7-5. 

b. Probable Error. The probable error of the 
can latitude is given by: 

<:/> ...-- 0.6745 J~^l~ 
V n(n 1) 

here : 

v --- the residual 
n --- the number of groups 
ie probable error of a single group is given by: 

here: 

n ~ the number of groups 



computation 01 tne probable 
error of a group, Chauvenet's Criteria is used to 
determine the rejection limit, r. The rejection 
limit is 
-+- ? -MP 

/ u t; g 

Where : 

t' = Chauvenet's Criteria 
e g = probable error of a single group 
Values of V are tabulated in table B-8, appendix 
B, and are a function of the number of groups in 
the observation. After any necessary rejections, 
residuals and probable errors are recomputed. 

d. Reduction to Sea Level This correction is 
formulated with the assumption that the earth is 
truly spheroidal and there are no irregularities in 
the equipotential surfaces. Since the force of grav- 
ity is less at the equator than it is at the poles, we 
find that a level surface (equipotential surface) is 
farther from sea level at the equator than it is at a 
point nearer the pole. If several such surfaces 
were drawn (fig. 7-6) they would be seen to con- 
verge toward the pole. They are parallel to each 
other only at the equator and at the poles. There- 
fore the normals to each surface, although in the 
same meridianal plane, will not be parallel. The 
problem then is to determine the difference in the 
slope of the sea level surface and the slope of the 
level surface at the point of observation. 
The correction for all spheroids is given by: 



Where: 

A <f> = the correction to the latitude in seconds of arc 

h = the elevation of the station in meters 

4> = the astronomic latitude 

The correction, tabulated in table B-9, appendix 
B, numerically reduces the latitude. 

e. Polar Variation. The observed latitude must 
be corrected for polar motion as explained in para- 
graph 6-28. The correction is given by : 

A < (.r cos A + y sin A) 



Section II. HORREBOW-TALCOTT Method 



-10. General 

a. Basically, latitude is determined from the fact 
at when two stars on the observer's meridian, 
e north and one south, have exactly the same 
lith distance, the latitude of the observer is 
ual to one-half the sum of the declinations of 
2 two stars (fig. 7-7). 

b. In practice, slight differences of meridian 
lith distance between paired north and south 
irs are measured with the eyepiece micrometer 
d, along with other small corrections, the lati- 
3e is computed. 



7-1 1 . Specifications 

a. First Order. 

(I) A valid latitude determination consists of 
a minimum of 24 acceptable pairs of stars, a pair 
being one north star and one south star. Since the 
rejection limit is quite rigid and other criteria 
must be met, it is recommended that approxi- 
mately 30 pairs be observed. 

(2) The absolute rejection limit for the lati- 
tude determined by any pair of stars as compared 
to the latitude determined by the mean of all pairs 
shall be : 3"0; further, the rejection limit shall 
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7-6'. Reduction to HCH 



e five times the probable error of an observation 
s determined by the standard formula. 

(3) The pairs observed at a station shall be 
o selected that the algebraic sum of the microm- 
ter differences shall not exceed unity times the 
umber of pairs observed by any one observer 
uring 1 one observation period. Further, the alge- 
raic sum of the micrometer difference for all 
airs observed shall not exceed unity times the 
)tal number of pairs. 

(4) Observations are performed preferably 
ver at least two nights. However, the observa- 
ions may be completed during one night provid- 
ig the two observing periods are separated by at 
>ast 4 hours. At least eight and preferably 12 or 
lore pairs with a balanced micrometer differ- 
ice summation are observed during one observ- 
ig period. 

(5) The level vials are so leveled and cen- 
tred that W-E approaches zero. 

(6) The probable error of the latitude shall 
ot exceed O'.'IO. 

(7) Each pair consists of a north star fol- 
>wed by a south star (or a south star followed 
y a north star) . The stars should seldom transit 
lore than 10 minutes apart. The difference in 
enith distances shall seldom exceed 20' and never 
xceed 25' of arc. No zenith distance shall exceed 
and preferably should not exceed 20. 

(8) Double stars which are too close together 
D be resolved by the telescope shall not be used 
nless the two elements are sufficiently close that 
leir distance is less than 0750 or the coordinates 
f the combined image are given. Any general 
atalog star whose probable error in declination, 
950, exceeds 0750 shall not be used. 

(9) Only FK4 stars may be observed more 
lan once at a station in the determination of a 
ititude. 
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Figure 7-7. Horrcbow-Talcott latitude precept. 

(10) In general the stars should not have a 
magnitude dimmer than 7.0. Stars of a magnitude 
that appear too bright for proper bisection shall 
be reduced by means of a suitable screen placed 
over the telescope objective. If only one' star of a 
pair requires the use of a screen, a dummy screen 
must be placed over the objective when observing 
the other to compensate for the additional weight 
on the telescope. 

b. Modified First Order. The methods, proce- 
dures, and specifications for modified first order 
are the same as first order except as noted. 

(1) A determination consists of 10 to 12 ac- 
ceptable pairs of stars, a pair of stars being one 
north and one south of the zenith. 

(2) The observations may be completed in 
one observing period. 

(3) The probable error of the mean result 
should not exceed 0730. 

712. General Instructions for Observation 

a. Before beginning the observation the instru- 
ment must be in the meridian within 3 seconds of 
time. 

b. The observer must have prepared a list of 
stars before observation begins. The stars will be 
paired by zenith distances, one pair consisting of 
a north star and a south star of approximately 
equal zenith distance. These must follow in chron- 
ological order. Further instruction on preparing 
the observing list is given in paragraph 7-13. 

c. A radio-chronometer comparison is made by 
the eye-ear method at the start and at the con- 
clusion of observation. The values as heard on the 
radio and read on the chronometer are entered to 
the nearest ". 1 on the field sheet. 

d. The readings of the barometer and dry bulb 
thermometer are entered on the field sheet at the 
start and conclusion of observation and at hourly 
intervals during the observation. The wet bulb 
temperature should be entered if available. 



e. Observations begin in the ocular east or the 
ocular west position, with the setting circle set to 
obtain the proper zenith distance. After the tele- 
scope is set, the observer places the movable wire 
to the proper number of full turns as shown by 
the observing list. 

/. The Horrebow levels are locked to the hori- 
zontal axis of the telescope and approximately 
centered with the slow motion tangent screw that 
acts directly on the level holder. 

CAUTION 

After centering the bubbles with the tan- 
gent screw neither the level lock nor tan- 
gent screw are touched until after the 
second star is observed. 

g. As the star crosses the wire approximating 
the meridian, the observer precisely bisects the 
star with the movable wire, in such a manner as 
to compress the springs in the micrometer box, 
and calls "tip". 

h. The recorder immediately writes down the 
chronometer time that the star was tipped (to the 
nearest (Kl) and the level values as called by the 
observer (to the nearest 0.1 of a graduation) . The 
two Horrebow levels are read, first the north end 
and then the south end. In reading the levels, the 
observer must not breathe on them or hold the 
light directly on them as the heat tends to move 
the bubbles and give 1 erroneous readings. 

/. The observer calls the number of full turns 
of the eyepiece micrometer as read in the eye- 
piece reticle and then the graduations of the mi- 
crometer to the nearest 0.1 of ti division. 

j. The instrument is then rotated about its ver- 
tical axis exactly 180''. Since the second star has 
approximately the same zenith distance 1 as the 
first, on the opposite side of the meridian, the tele- 
scope is already set for the second star. 

A*. The observer sets the eyepiece micrometer to 
the proper number of full turns as shown in the 
observing list and then approximately centers the 
Horrebow levels iiti'tnt/ tin 1 rcrtical ,s/w motion 
.srrnr that acts upon the entire telescope. A defi- 
nite attempt should be made to reset the levels as 
closely as possible at the same readings that they 
occupied on the first star of the pair. This reduces 
the correction and helps the recorder to spot gross 
errors in reading. 

L As the second star transits, the same proce- 
dure is followed as with the first. If either star 
of a pair is missed the entire pair is void. A pair 
must consist of one north and one south star in 
which the Horrebow levels have not been changed 
in relation to the telescope. 



NOTE 

The focus of the eyepiece micrometer 
must remain unchanged during the entire 
observation period. The eyepiece, when 
set properly for latitude observation 
using this method, has the shaft of the 
handwheels parallel to the telescope axis. 

713. Observing List 

a. The APFS does not contain sufficient usable 
pairs of stars for observing a Horrebow-Talcott 
latitude within a reasonable time-frame; there- 
fore, the SAO or GC is used. 

b. The reduction to the time of observation from 
1950 is done with sufficient accuracy by multiply- 
ing the annual variation of right ascension and 
declination by the number of years since 1950 and 
applying the result algebraically to the respective 
right ascension and declination. Right ascensions 
are extracted to the nearest second of time and 
declinations to the nearest minute of arc. 

c. The local sidereal time for which the obser- 
vation is to begin is determined and this time is 
used as the argument to enter the proper volume 
of the "GC" to make the observation list. DA Form 
3620-R (Observing List for Latitude) (fig. 7-8) 
is used for recording this list. DA Form 3620-R 
will be reproduced locally on 8 x lOV-j-inch paper 
(image size 6 '']" x 9 ',/') (fig- 7-8a). A star 
whose declination satisfies the zenith distance re- 
quirement is found, and a second star whose right 
ascension satisfies the time requirement and has 
the proper zenith distance is matched to it. The 
declination that the second star must have to 
match the first may be found by subtracting the 
declination of the first star from twice the as- 
sumed latitude, . 20' of arc. 

d. The first four columns are self-explanatory. 
The fifth column contains the difference between 
the declinations of the paired stars and the sixth 
contains the sum. The seventh column is for dif- 
ferences in minutes of arc between twice the lati- 
tude of the observer and the sum of the declina- 
tions (2</> 28), the result being the difference 
between the zenith distances of the pair (specifi- 
cally, zenith distance of south star minus zenith 
distance of north star). The eighth column is 
headed "W-E --. a(2 </> 2 8)", and expresses the 
difference in zenith distance in turns of the mi- 
crometer where "a" is the number of turns of the 
eyepiece micrometer per minute of arc 

__ 6CT 

where "R" is the value of the eyepiece micrometer 
in seconds of arc per revolution as determined by 



7-10 



INSTRUMENT 



03 4S 32 



( 2 <J> - d ") should not exceed 
pairs observed. 
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Figure 7-8a. DA Form 3620-K. 
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the instrument constants. The value of "R" for 
most T-4's is approximately 153" and therefore 
using 0'4 as the value for "a" will suffice for the 
observing list. The ninth column indicates whether 
the star is north or south and whether the tele- 
scope is ocular east or west. 

p.. The tenth column is the circle setting and is 
equal to half the difference of the declinations of 
the pair (column 5). Depending on the position of 
the eyepiece, either the zenith distance or its ex- 
plement (360 ) may be necessary. As the stars 
are on opposite sides of the zenith and both have 
the same zenith distance only one setting is needed. 
However, since the ocular position may not be the 
same as shown in the observing list, both the circle 
setting and its explement are given. The last col- 
umn is the micrometer setting in full turns for 
each star and is derived from the formulas : 



for ocular west, 10 
or for ocular east, 10 



W-E 

2 
W~E 



The formulas are true regardless of the position 
of the star on the meridian with respect to the 
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zenith. The center of the field is numbered "10" 
rather than "0" to avoid negative numbers. 

7-14. Zenith Distance Record 

All information must be entered correctly and 
fully on the field recording sheet. Figure 7-9 illus- 
trates DA Form 3621-R (Zenith Distance Record 
for Latitude) which will be used in field recording. 
When the level values, as read from the instru- 
ment, are recorded, the recorder must insure that 
no gross errors are made by the observer (para. 
6-10). The recorder must also check the microm- 
eter readings to insure that the algebraic sum of 
"W-E", for the pairs observed, does not exceed 
the number of pairs observed. The closer the sum 
is to zero the better. The micrometer differences 
and the accumulative sums are entered in the ap- 
propriate column of the record. Because of the 
possibility of an erroneously assumed latitude, the 
accumulative sum should be obtained by using the 
observed differences in the zenith distance rather 
than the computed differences from the observing 
list. DA Form 3621-R will be reproduced locally 
on 8 x lOVk-inch paper (image size 9 6 / 10 " x 7") 
(fig. 7-9a). 
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Figure 7-9. Zenith distance record (Horrebow-Talcolt). 



7-13 



TM 5-442 





& 
c. 

^ 


u 
lit 

c 




3 

4 


> 

i 
i 




K 
3 

i 


c, 
C 

4 

k 
[ 


2 

! 










































/N 

?> 

X 

b 

r-< 

^ 

CTl 

(!) 
N 

'w 

OJ 
M 
CD 
E 

H 

00 
X 

& 

rH 
4) 






















































N 


U 

p 




ERVER 


CHRONC 



U 

Ss 


z 

o 

5P 










































W 
i-. 

<u 

& 

&, 


X 




ft 
O 




On 

5 s 

Or 


-> 

Eai 
-^' 












































J 

OS 








X 

o 


a 
O 












































^ANCE RECORD I 


1C 

B 


1 


, VALUE 
'16 = 


1 CHRONOMETER 


CULMINATION 












































E 

MM 




| 


5$ 

M * 


^*% 

et 

n 


W 
















































55 


3fi 


i 


< 












































s 




5 



















































u: 

N 






B 


j 

w 


SOUTH 


















































^ 


u 

J 


P 


















































> 








z 
















































i 


Si 

u ** 


e 

i 


: 

d 
d 

s 


















































^ 


i 


J 
J 






















































V 




















































u! 


s* 




















































! 



















































5 


, 


2 


s 










































o 

tv 

3 
-1 



at 

w 
>o 

C"> 


i 




ISTATH 


S 


8 

i 


i 

M 










































Of 

U. 

< 



7-14 



TM 5-442 



-15. Star Reduction 

a. The first step in computation, after a thorough 
leek of the field records, consists of reducing the 
eclinations of the stars observed from the epoch 
iclination, as given in the catalog, to the apparent 
?clination for the epoch of observation. 

b. The mean places in the GC must be reduced 
i the mean places for the year of observation and 
len to the apparent places for the epoch of ob- 
srvation if Besselian and/or Independent Day 
ambers are used in the computation. When the 
iarly computer issue of SAO (available from the 
S Naval Oceanographic Office) is used, this reduc- 
on is not necessary. The SAO mean positions and 
-oper motions are preferred. The illustrations of 
e latitude observation used in this manual were 
mputed using both GC and SAO mean positions. 
le difference in the two mean values of the ad- 
sted latitude was less than 0701. 

(1) Reduction to the mean place of a star for 
e year of observation in right ascension and de- 
nation is accomplished entirely from the cata- 
. The expressions for reduction to the mean 
ace for the year are respectively : 

a,,, + (t - 1950) An. Var. + A*- 195 0) a 



) 



- 8,,, + (t 



1950) An. Var. + (- 

" - 1950V, 
100 ) 



200 



Sec. Var. + 

here: 

t = the beginning of year nearest observation 
Note: If observations are made before 
1 July, t,, equals years of observa- 
tion ; if after 1 July, t,, equals year 
of observation plus one. 
t m the catalog right ascension 
ot the mean right ascension for year t,, 
3,,, the catalog declination 
S the mean declination for year t,, 

(2) The coefficients of "An. Var.", "Sec. Var." 
d "3'' t" for both right ascension and declination 
4 arranged in ascending power and must be ex- 
.cted for each star. All terms of the formula 
8,, will be needed to compute the declination 
3ne hundredth (O'.'Ol) of a second ; however, the 
ht ascension need be determined only to the 
irest second of time so that only the first term 
lecessary. An illustration of reduction to 8 n for 
tar is shown below. 
rNo 8 m An. Var. Sec. Var. 3" t 



Year of observation 1968 
8 ~ +17 25' 12"28 + (18) 



-117329) 



8 = +17 25' 12728 + (18) (-117329) 

+ (1.62) (+0.332) + (0.0058) (+0.08) 
8 = +17 25' 12"28 - 2037922 

+ 07538 (last term negligible) 
8 = +17 21' 48790 

= Mean declination for 1968 
c. DA Form 2865 (fig. 7-10) has been prepared for 
use with "Bessel's Day Numbers and Constants" 
and transformed, for the purpose of machine com- 
putation, to the formula shown below. Inasmuch 
as the reduction to apparent right ascension is un- 
necessary the formula for a is omitted. 
8 = 8 + T // + i cos S + X sin a 



Where : 

8 = declination at the instant of observation 
8 = mean declination for the beginning of the 

year nearest observation 
T = fractional part of the Besselian Year as 

extracted from the AE&NA 
// = proper motion of a star in declination as 

extracted from the GC 
i = obliquity term as extracted from the 

AE&NA 
oi mean right ascension for the beginning 

of the year nearest observation 
and : 

X= - (B+Csin8 ) 
Y = A + D sin 8 

A, B, C, and D are Bessel Day Numbers 
extracted from the AE&NA, A 8 and A // 
are catalog corrections (see / below). 
The mean epoch (UT) should be computed for a 
period not exceeding 4 hours. All sines and cosines 
should be used to four decimal places and the 
values of X and Y are to be used to three decimal 
places. Sines and cosines with time a : s; an argu- 
ment are included as appendix C. 

d. The signs of these functions and all products 
must be watched closely. The azimuth quadrants 
of right ascension and declination are respectively : 

(1) Right ascension 0" to 6" 1st quadrant 

6" to 12" = 2nd quadrant 
12* to 18" = 3rd quadrant 
18* to 24* = 4th quadrant 

(2) Declination 

+, upper transit 1st quadrant 
, upper transit 4th quadrant 

e. Values of "Besselian Day Numbers'' and "In- 
dependent Day Numbers" are given in the AE&NA 
for every day of the year with 0* Ephemeris Time 
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/. Where the period of observation does not ex- 
sed 4 hours a mean epoch may be used as the ar- 
ument in reduction. When there has been a pro- 
ounced break in the program or the period has 
^tended over 4 hours, more than one mean epoch 
lould be used. 

(1) To determine the mean epoch of a period, 
le right ascension of the first observed star of 
lat period is summed with the right ascension 
f the last observed star of that period and the 
2sult is divided by two. Since both stars were 
a the meridian at the time of observation the re- 
Alt is the local sidereal time of the mean observ- 
ig period. Utilizing the explanation and illustra- 
on in paragraph 6-20, the Greenwich Civil Day 
> the nearest O'.'OOl is determined and used as the 
L-gument. 

(2) Strictly speaking, this is not entirely cor- 
>ct, since the argument given is "ET" and the 
i-gument used is "UT". However, since the rela- 
onship : 

T - UT + A T (from the table "A T" in the 
E&NA) exists and since A T presently affects 
IG decimal part of a day in the fourth place and 
e use only the thousandth part of a day we may 
rite without loss of accuracy: 
ET= UT 

'hen the value of A T becomes so large that it will 
Feet the third place in the decimal the equation 
ill be: 

UT = ET - A T 

g. From the AE&NA, for the year of observa- 
m, the values of A, B, C, D, and T are extracted 
om the section "Besselian Day Numbers for 19 , 
r 0" Ephemeris Time". The value "i" is extracted 
om the section "Independent Day Numbers, 19 
r 0" Ephemeris Time". 

//. In order to give increased accuracy to the star 
duction all values in the AE&NA have been ar- 
,nged so that they are referred to the nearest 
ilf year for the mean place; i.e., when the re- 
iction of stars for the date 24 Mar 68 is under- 
ken the mean place of the star for 1968 is cor- 
cted ; however, when the reduction of stars for 
e date 24 Aug 68 is undertaken, the mean place 

the star for 1969 is corrected. We can see that 
e value of T is positive from 1 Jan 68 to 1 Jul 68, 
i nce the mean place for 1968 would be used in 
duction. A 2-day overlap (1-2 Jul 68) is allowed 
here the mean place for either 1968 or 1969 may 

used; however, the correct tabular value for 
e selected year must be used. 
i. The terms A 8 and 0.01 (t - 1950) A / are 
ed to reduce the position from the GC system to 
e FK4 system. If the SAO is used no corrections 
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are required. The values of A 8 and A / are tab- 
ulated in tables B-10 and B-ll, appendix B. 

j. An illustration of the Bessel reduction, mean 
to apparent declination, according to the modified 
formula is shown below : 

Mean epoch Star No a / 

1968 June 29.140 21164 15" 43 nl 15' - O'.'OOS 
A =+8.393 X- - (-8.316) 

+ (4-2.446) 
(+0.2984) 
= +7.586 
B= -8.316 Y= (+8.393) 

+ (20.332) 
(+0.2984) 
= +2.326 

C = +2.446 8 = +17 21' 48V90 

D = -20.332 T/ = -OV0039 

i = +1.061 i cos 8 = +1 . 0126 
r = +0.4924 X sin a = 6 . 2751 
sin 8 = +0.2984 Y cos a = 1.3070 
cos 6 =r +0.9544 A 8 = +OV37 

sin a = 0.8272 A // = +0 . 46 

cos a = -0.5619 O.OKt, 1950) A/ 

= +0.0828 
8 = + 17 21' 42V78 

716. Computation of Latitude 

a. The expression for determination of latitude 
by the Horrebow-Talcott method with T-4 is : 

= i/o (8 + 8') + ( y>R) (A/,,, - M,,) 

+ (d + d,)/16 (L ir -L,) 

+ i/o (>-?') + i/o (m + m') 
Where : 

(8 + 8') = the sum of the apparent declinations 
of the pair of stars at the instant of 
observation 

.)/- and M,. the readings of the eyepiece microm- 
eter, ocular west and ocular east, re- 
spectively 

d and d } = level value, in seconds of arc per 
graduation, of the respective Horre- 
bow-Talcott levels as determined by 
instrument constants 
L the summation of the readings of the 
north and south ends of both level 
vials in one ocular position. The sub- 
scripts "w" and "e" indicate the ocu- 
lar position, west and east, respec- 
tively 

(r + r') = the difference of the refraction cor- 
rection for each of the stars 
(m + m') = the sum of the meridian corrections 
The primed values refer to stars observed in ocu- 
lar east and unprimed values refer to stars ob- 
served in ocular west. 

b. DA Form 2842 (Latitude Computation) (fig. 
7-11) has been prepared for the computation of 
latitude. It requires little explanation when used 
in conjunction with the formula. 
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(1) The heading of the form is properly com- 
pleted, with the values of i/ 2 R and d + d z /16 being 
taken from the list of instrument constants. 

(2) Columns 1, 2, 3, 4, and 10 are entered 
from the field record. Column 12 is entered from 
the DA Form 2865 (Reduction Mean to Apparent 
Declination) . 

(3) Column 6, headed "Micrometer, W-E", 
is entered from the field record. Column 5, which 
is for the micrometer readings, need not be used 
unless the form is sent from the field uncomputed. 
The value of W-E is multiplied by y 2 R and the 
result (the micrometer correction in seconds of 
arc) is entered in column 14 with proper algebraic 
sign. 

(4) The level difference, column 9, comes from 
the expression (L w L e ). The difference is the 
level correction expressed in terms of graduations 
on the level vial. It is multiplied by (d -f d z ) /16 to 
give the correction in seconds of arc and is then 
entered in column 15, "Level", with the proper al- 
gebraic sign. Columns 7 and 8 need not be used 
unless sent from the field uncomputed. 

c. Because of the slight difference in zenith dis- 
tances of the stars the refraction (para. 7-8&) 
correction, i/ 2 (r r'), is small but must still be 
considered. The refraction correction may be ex- 
tracted from table B-12, appendix B. 

(1) Note that at this point of the latitude 
computation, column 13 contains the half sum of 
the declinations. This value is an approximation 
of the latitude. The zenith distance argument may 
therefore be obtained by finding the difference be- 
tween the latitude and the declination of either 
star in the pair. The value obtained to the nearest 
1 degree is normally sufficient for use with the 
tables. The other argument is obtained by using 
the value in the "Micro" correction column, con- 
verting the seconds of the correction to decimals 
of a minute. 

(2) Inasmuch as this table is computed for an 
assumed mean atmosphere it must still be cor- 
rected for atmospheric pressure and temperature 
using the formula : 



The correction coefficients are given in tables B-4 
(C r ) and B-5 (C B ), appendix B. An example of 
the computation of the refraction correction is 
shown below. 



2119' ZD n = 2059' 
-M e ) = 76'.'84(+8.042) = 617^95 

= 1(K3 = 1/2 &ZD 

hence, V 2 (r r') =+0.20 Temp = 72FPres 

= 30'.'20 hg 
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C B - 1.010 C T = 0.959 CM - 0.969 
Refraction = i/ 2 (r r') (C BT ) 

= (+0.20) (0.969) = + 0'C19 
(3) If the recorded temperature and pressure 
vary over a period of observation, a mean of the 
first and last recordings should be used. The re- 
fraction correction always has the same sign as 
the micrometer correction. The correction, with 
the proper sign, is entered in the column "REF". 
d. In meridian reduction (para. 7-8e), the 
algebraic sign of the correction is the same sign 
as the star's declination. 

7-17. Latitude Adjustment 

a. After a latitude has been computed from 
each star pair, any latitude that varies from the 
arithmetic mean of all latitudes by greater than 
3"0 is rejected, provided that a reliable microm- 
eter value was used in the initial computations. 
Otherwise a preliminary probable error must be 
computed at this point and rejections made using 
table B-8, appendix B. The remaining pairs are 
entered on the DA Form 2843 (Astronomic Lati- 
tude Summary) (fig. 7-12) . Data for the first four 
columns are taken directly from DA Form 2842 ; 
micrometer differences are taken to the nearest 
0.1 of a turn. A mean is made of the latitudes, and 
the residuals in the form of (A </>) are entered in 
column 5. The probable error of an individual ob- 
servation is computed from the expression : 

e p = 0.6745 

where the brackets indicate a sum and "P" is the 
number of pairs. Rejections are determined using 
table B-8, appendix B,and the principles are given 
in paragraph 7-9c. 

b. If "P" is the number of acceptable latitudes, 
"c" the amount that an observation varies in sec- 
onds of arc from the most probable latitude, "r" 
the amount by which the preliminary value of one 
turn of the micrometer must be corrected, and 
"M" the micrometer difference of each observa- 
tion, then there will be "p" equations of the form : 

c Mr + A </> = v 

Inserting the condition that [t; 2 ] must be a mini- 
mum, the normal equations to be solved for "c" 
and "r" are: 

pc [M] r -f [A <] - 

and 

- [M] c + [MM] r - [M A </>] = 
Where : 

[ ] is the standard symbol indicating a sum. 
For example : 
30c -f 2 . Or . 03 = 

_ _2.0r + 0.03 
c -0.06667r + 0.00100 

7-19 
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Figure 7-12. Summary of latitude computations. 
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- 2 . Oc + 437 . 86?- + 2 . 804 = 

- 2 . ( . 06667?- -f- . 00100) + 437 . 86?- 

+ 2.804 

- . 13334?' . 00200 + 437 . 86?- -f 2 . 804 = 
37. 99334?- + 2.80200 = 

37.99334?- = -2.80200 
? = -0 '.'00640 

= ( 0.06667) (0.00640) +0.00100 
= + 0'/00143 

f *R (adjusted) = 76'.'840 + ( 0'.' 00640) 
- 76'.'8336 

c. Each micrometer value "M" of the accepted 
bservation is now multiplied by "r" and entered 
i the proper column. Each preliminary latitude 
i added algebraically to the corresponding "Mr" 
.> produce the corrected latitude and entered in 
le designated column of DA Form 2843. The 
lean latitude is entered at the bottom. Once again 



the rejection limits are applied and if a rejection 
is made at this time a recomputation is necessary. 

d. Reduction to sea level (para. 7-9d). 

e. Polar variation (para. 7-9e) . 

/. The probable errors (e) are given by the fol- 
lowing formulas : 



\_MM1 



- [M] 1 - 



P 



and 



Where : 

e n probable error in latitude 

e. r = probable error in the half turn value of 

the eyepiece micrometer 
p = the number of pairs observed 
M ~ the micrometer difference 



Section III. CIRCUM-MERIDIAN METHOD 



-18. General 

'he circum-meridian method is quite similar to 
le Sterneck except that a number of zenith dis- 
ince observations of each star are made at re- 
:>rded times during the period of a few minutes 
efore and after transit. Each observed zenith dis- 
mce is then reduced to the meridian. As explained 
elcm p , the observations are not necessarily made 
ith the instrument in the meridian. This method 
; especially applicable in high latitudes because 
f the few hours of darkness during the favorable 
bserving- season and the small number of stars 
nitable for observations. 

19. Specifications 

a. A valid first order latitude determination con- 
ists of a minimum of 10 pairs of stars. A pair of 
tars is one star north and one star south of the 
enith. The stars must be listed in the FK4 sys- 
?m (APFS). For lower order determinations the 
umber of pairs are decreased; however, project 
pacifications will usually indicate the number of 
airs to be observed . 

b. The observations are conducted over at least 
>vo, and preferably three, nights. If the mean of 
ne night's observations, of at least two pairs, 
iffers from the mean of all pairs by more than the 
llowable amount listed below, then additional ob- 
ervations will be made. 

Number of pairs Maximum allowable 

on one night difference from the mean 

2 1^0 

3 O'.'S 

4 or more 0'.'6 



c. The difference in zenith distance of the stars 
in a pair must not exceed 3 and preferably should 
be less than 1. Zenith distance of any star must 
not exceed 30. 

d. The lapse in time between the observation of 
the two stars in a pair must not exceed 1 hour. 
Observations do not begin earlier than 5 minutes 
before transit nor extend more than 5 minutes 
after transit. 

e. An effort is made to obtain an equal number 
of zenith distance observations of a star both be- 
fore and after transit. 

/. The vertical circle level vial is so leveled and 
centered that the summation of L-R approaches 
zero for each pair. 

g. The probable error of the arithmetic mean of 
the observations shall not exceed O'.'IO for first 
order. 

7-20. General Instructions for Observation 

a. Before beginning the observations the instru- 
ment must be in the meridian within 3 seconds 
of time. 

6. The observer must prepare an observing list 
before observations begin. The stars are paired by 
zenith distance, one pair consisting of a north star 
and a south star of approximately equal zenith dis- 
tances. These must follow in chronological order. 
Further instruction on preparing the list is given 
in paragraph 7-21. 

c. An eye-ear radio chronometer comparison is 
made at the start, at hourly intervals, and at the 
conclusion of observations. Values as heard on the 
radio and read on the chronometer are entered to 
the nearest '. 1 on the field record. Two and pref- 
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erably three consecutive observations of the time 
should be made, i.e., read the chronometer at the 
start of a 5-minute period and twice more at iden- 
tifiable minute pulses (para. 8-6). 

d. The eyepiece micrometer should be in the 
longitude position. The instrument is reversed be- 
tween stars of a pair, so that both are observed 
either circle left or circle right. 

c. The instrument should be leveled accurately. 
As some observations are made "out of the merid- 
ian" a poorly leveled instrument can cause a large 
change in the vertical circle level readings during 
the observation on a star. 

/. Barometric pressure and air temperature are 
read and recorded at the start and completion of 
observations of each star. 

//. To make computations easier the vertical col- 
limation should be adjusted accurately and the 
vertical circle setting should be as close to 
00 00' 00'.' as possible (para. 7-7). 

7-21. Observing List 

The circum-meridian star observation list (DA 
Form 3618-R) (fig. 7-13) should be included with 
the longitude observing- list. The starting azimuth 
of the stars which may be observed should be in- 
cluded, especially when the latitude is greater than 
70' : . The only requirement for star selection is that 
the zenith distance shall not exceed 30. 

7-22. Observing Methods 

Observations may be made by one of two methods 
(meridian or azimuth) depending- upon the zenith 
distance of the stars. 

u. Meridian method. The instrument should be 
clamped in the meridian when observing stars 
whose "A" factors are less the 0.15. The star is 
bisected, using the vertical slow motion screw of 
the telescope, at successive points along the hori- 
zontal wire. When this method is used the star 
should also be observed at the exact time of trans- 
it. This will assist the computer to determine the 
azimuth error of the instrument. 

(1) The azimuth factor for stars (para. 5-4/>) 
may be taken from table B-l, appendix B. 

(2) Observations should be made as rapidly 
as possible. This requires coordination on the part 
of the observer and assistant observer. An equal 
number of observations before and after transit 
should l>e made. The observer must tell the re- 
corder which observation is made at the time of 
transit. 

(3) When the meridian method has been used 
there are two additional corrections that must be 
computed. These corrections are for inclination of 
the horizontal crosswire and for collimation error. 



These corrections are explained in paragraphs 
7-24e(l) and (2). 

(4) Zenith distance observations using the 
meridian method are performed in the following 
manner : 

(a) With the instrument in the meridian, 
telescope at the proper zenith distance, and the 
vertical circle level closely centered, the observer 
waits until the star has moved to the "05" or "15", 
as applicable. 

(b) The observer gives a 5- to 10-second 
"standby" order to the recorder, bisects the star by 
the horizontal wire (using the vertical slow mo- 
tion screw), and calls "tip" at the instant of bi- 
section. 

(c) The recorder immediately enters the 
chronometer time on the field record, DA Form 
5-69 (fig. 7-14). The assistant observer reads the 
vertical circle level vial, left end first, and then 
reads the vertical circle. Two coincidences of the 
micrometer which agree within 0'/2 are recorded. 

(d) The observer again bisects the star 
using the vertical slow motion screw and the above 
procedure is repeated. 

(e) This process continues until an equal 
number of observations before and after transit 
have been made, as well as an observation when 
the star crosses the center wire. 

b. Azimuth Method. When the "A" factors of 
those stars between the zenith and the equator 
exceed 0.15, the motion of the star in the tele- 
scope is so great that very few observations on a 
star can be made. For this reason the instrument 
is taken out of the meridian and direct pointings 
made on the star. 

(1) To reduce errors the pointing begins about 
5 minutes before transit and continues until about 
5 minutes after transit, i.e., within the interval 
that the star's hour angle is 5 m . 

(2) The azimuth of a star close to the merid- 
ian at hour angle "t" is: 

Az"- 



A 

Where: 

A the star's azimuth factor 

Therefore the azimuth of a star with an hour angle 

of 5"' is : 

Az = 4500"/A = 157 A 

After determining the star's azimuth, turn the in- 
strument to the east (west for subpolar stars) at 
the precomputed azimuth and set the approximate 
zenith distance of the star on the telescope. This 
will verify finding the correct star and greatly 
facilitate finding the star under daylight condi- 
tions. 
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Figwe 7-13. Observing list for longitude and circum-meridian latitude. 
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Figure 7-14-. Recording for the meridian method. 



(3) The star must be, as nearly as possible, 
oisected at the same place on the horizontal wire, 
preferably just before the star crosses the vertical 
center wire. Failure to do this results in an ap- 
Darent error in the hour angle and introduces an 
?rror in the reduction. If both stars of a pair are 
ilways bisected with the horizontal wire at the 
iame distance from the center wire, and always 
>efore (or after) transit, the azimuth errors at 
he time of bisection will have opposite signs for 
he reduction and therefore will compensate for 
he error in the latitude. 

(4) At latitudes above 60, Polaris may be 
ised as the north star of a pair. Polaris may be 
bserved at any hour angle using the azimuth 
nethod and 10 to 12 observations of the zenith dis- 
ance are observed. 

(5) Zenith distance observations using the 
zimuth method are performed in the following 
lanner : 

(a) With the instrument set at the proper 
zimuth, the telescope at the proper zenith dis- 
ance, and with the vertical circle level closely lev- 



eled, the observer waits until the star approaches 
the center wire and alerts the recorder to "stand- 
by". 

(/;) Just before the star reaches the center 
wire the observer bisects the star with the hori- 
zontal wire. The bisection may be made in either 
of two ways. The horizontal wire can be moved 
into the image of the star by means of the vertical 
slow motion screw; or the horizontal wire can he 
moved ahead of the star by means of the vertical 
slow motion screw, and the instant the star's im- 
age is split by the horizontal center wire, the time 
will be called out to the recorder. The latter meth- 
od is recommended only for stars whose zenith 
distance changes relatively rapidly in respect to 
time. 

(c) At the instant of bisection, the observer 
calls "tip" and the recorder reads and immediately 
enters the chronometer time on the field record 
(DA Form 5-69) (fig. 7-15). The assistant ob- 
server reads the vertical circle level vial, left end 
first, and then reads the vertical circle. Two co- 
incidences of the micrometer which agree with- 
in 0'.'2 are recorded. 
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Figure 7-15. Recording for the azimuth method. 



(d) After the assistant observer completes 
J circle reading, the observer moves the instru- 
int in azimuth to bring the center wire some- 
iat ahead of the star. The observation procedure 
repeated until about 5 minutes after transit of 
j star. 

(e) After moving the instrument in azi- 
ith, sufficient time should be allowed for the ver- 
al circle level to settle. The time interval be- 
een consecutive bisections should not be less 
in 30 seconds. 

(/) If the vertical circle level difference 
ft minus right) becomes excessive during the 
lervations on a star, the level bubble may be ap- 
>ximately centered during the observation. The 
itering is done after reading the vertical circle 
an observation and prior to the next bisection. 

23. Star Reduction 

;. The reduction to apparent right ascension 
'Uld be correct to 0". 1 and the declination cor- 
t to O'.'Ol. 
>. For stars observed at upper (or lower) transit 



the computation of apparent place is the same as 
for Sterneck latitude computation (para. 7-8d). 
c. For Polaris (or other circurnpolar stars) at 
any hour angle the computation of apparent place 
is the same as for azimuth computations (para. 
8-86). 

7-24. Computation of Observed Latitude 

a. Preliminary Computation. Prior to comput- 
ing the corrected zenith distances, the index cor- 
rection and preliminary latitude must be deter- 
mined. 

(1) For the preliminary computation select 
the zenith distance indicated at the transit (me- 
ridian method) or the smallest observed zenith dis- 
tance (azimuth method). For close circumpolar 
stars at any hour angle select any observation for 
the preliminary computation. 

(2) Correct the selected zenith distances for 
level error and refraction (fo(3) and 6(4) below). 

(3) The observed zenith distance of the close 
circumpolar stars must be further corrected for 
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the first two terms of the meridian reduction for- 
mula (c(l) below). 

(4) Determine the preliminary latitude from : 

< = <5 (1 ,. 
^ <5., -f s 

< = V'2 (<l>n + <M 

And the index correction from : 

C = */> (</> <.,) 

b. Computation of Corrected Time and Zenith 
Distance. 

(1) The data for each star is abstracted from 
the field records and entered on DA Form 1962 
(fig. 7-16). 

(2) The observed chronometer times are cor- 
rected for the chronometer correction prior to 
being entered on the computation form. See para- 
graph 6-18 for computation of the chronometer 
correction. 

(3) The observed zenith distance from the 
field record is entered on the form. The level dif- 
ference (L-R) in the field record is checked and 
then multiplied by d/2 and this correction entered 
on the computation form (fig. 7-16) . 

(4) The refraction correction is computed for 
each zenith distance and entered on the computing 
form. If the preliminary computation indicates a 
small collimation error, the observed zenith dis- 
tance, corrected for the circle advancement, may 
be used to determine mean refraction. If the ver- 
tical collimation error exceeds 2' the collimation 
correction must be applied to the zenith distance 
prior to determining mean refraction (para. 7-86). 

(5) A summation of observed zenith distance, 
level correction, and refraction correction will give 
the corrected zenith distance. 

c. Computation of Latitude, C ire unipolar Stara 
at Any Hour Anyle. 

(1) The formula for computation of latitude 
using the observed zenith distance of close circum- 
polar stars at any hour angle is: 



.,-r 



I -V cos f sin- 1 sin- 1 

o 



t eot :i sin ;l 1" 



Where : 



Y sin- f cot t sin 1 

~ I ~ (4-9 sin- cotsin'l"sin-M 

h 90 ? c (always considered positive) 

1) - 90 - 1 - 8 

t = LST - ex 

'C corrected zenith distance 



(2) The computation may be performed on 
DA Form 2839 (Latitude from Zenith Distance of 
Polaris). The index correction should not be in- 
cluded in this computation as the preliminary val- 
ue is not precise. Combination of the computed 
latitude with that of a south star will correct for 
the index correction (fig. 7-17). 

d. Computation of Latitude (Azimuth Method). 
(1) The formula for the reduction of the ob- 
served circum-meridian zenith distances of a star 
to the meridian is : 

1 C Am -f- Bn, for upper transit, and 
, = -f- Am -f- Bn for subpolar stars. 
Derivated from the formula : 

cos cos 5 2 sin 2 ( Y> T) (cos $ cos 5) 2 . 
Cl ~ ^ ~~ sin , * sin I" + sin , 
2 cot , sin 1 ( ] / 2 r) 
' sinl" 

mu 14.4.- 2 sin- 0/2?-) 2 sin 4 ( J /2 f) 

Then letting : m ..;,, - ,n= '* 



A = 



sin V 
cos cj> cos 6 



sn 



= A- cot 



sin, 
Where : 

C = observed zenith distance corrected for 
refraction and for index error of the 
vertical circle (collimation and zenith 
point error) 

, zenith distance of star on the meridian 
(f> astronomic latitude of station 
T hour angle of star at the instant of 

observation 

8 declination of the star at transit 
Southern latitudes and declinations are negative, 
the cosine being positive and the tangent, cotan- 
gent, and sine being negative. 

() Values of "m" and "n" are functions 
of the hour angle "T" and are tabulated in tables 
B-7 and B-13, appendix B. 

(/)) A and B are constants for all observa- 
tions on one star. For computing A and B the 
closely approximated values of <f> and , are re- 
quired. If the values used in the computation vary 
more than 5" from the true value a recomputation 
of the meridian reduction should be performed. 

(<-)ln the above equation the third term 
was not included and is not normally required. 
The term is: 

4 (l + 3cof- i C.) 

"'" 3 sin 1" k \ /IT) 

At higher latitudes and small zenith distances a 
computation using the greatest observed hour an- 
gle should be made to determine if it should be 
considered. 

(2) If the observations have been distributed 
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Figure 7-17. Computation of latitude, circumsolar star at arty hour angle. 
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the mean of the veduced zenith distances. This 
symmetrical distribution is seldom accomplished. 
Additionally, it is true only if the observer has ob- 
served the star at the same point on the horizontal 
wire and the corrected chronometer time is the 
exact local sidereal time of observation. 

(a) When observations have not been sym- 
metrical with respect to time the mean meridian 
zenith distance is determined from: 
n(ZD) + [t] a- [d] =0 and 
n'(ZD) + [*']- ECi] =0 
Where : 

n = number of observations before transit 
ZD =' final adjusted meridian zenith distance 
[] = algebraic sum of hour angles (in sec- 

onds of time) before transit 
a = correction to the zenith distance per sec- 
ond of hour angle (five decimal places) 
[j = sum of the zenith distances (seconds 

only) before transit 

The primed terms in the second equation corre- 
spond to the same quantities after transit. 

( b ) The equations are solved simultaneously 
for "ZD" and "a". Then by multiplying "a" times 
the individual "t's" the adjusted zenith distances 
are determined (fig. 7-18). 

(3) If the observations have not been dis- 
tributed with respect to the number of observa- 
tions on each side of the meridian an additional 
adjustment is necessary. The two equations are: 



(1) The formula for the reduction of the ob- 
servations to the meridian is:' 



Where : 

n number of observations 
(Ai) = meridian zenith distance 

t = hour angle in seconds of time 

a = correction to the zenith distance per 

second of hour angle 

v individual meridian zenith distance 

(uncorrected for symmetrical time 

distribution) minus the mean un- 

corrected meridian zenith distance 

The adjustment is illustrated in figure 7-19. 

(4) After the final adjusted zenith distance 
has been computed the observed latitude is deter- 
mined from: 

4>n = 5,, or 

fa = 6, + , 

Where fa 8, and have their usual notation. The 
subscripts n and s refer to north and south stars 
respectively. In southern latitudes the algebraic 
signs change. If a subpolar star is observed the 
formula becomes 

fa= 180- (8 + fei) 
e. Computation of Latitude (Meridian Method). 



m = 



sn- 



. rt . 

sin 2 8 



sin 1 
Where : 

m' correction to reduce the observed zenith 
distance to a meridian zenith distance 
T = the hour angle of the star at observation 
8 = the star's declination 



-r r , 
Values of 



sin- 



. . i , TI 
- are given in table B-7, ap- 



pendix B. Using r as the argument the "m" 
value from the table must be multiplied by 2. 
Then, , = - m f 
Where : 

i meridian zenith distance 
= observed zenith distance 
m' = correction to the observed zenith dis- 
tance 

(2) As the horizontal wire is seldom exactly 
perpendicular to the observer's meridian and ob- 
servations have been made at various points along 
the wire, a correction for the inclination of the 
cire is required. The normal equations for the cor- 
rection are: 

n(A) -[*]a+ |>] =0 

- [*] (A ) + [tt] a - |>] = 

Where : 

n the number of observations 
A the correction to the mean meridian ze- 

nith distance 

t the hour angle of the star at observation 
i) mean meridian zenith distance minus in- 
dividual meridian zenith distances 

See figure 7-20. The adjusted zenith distance then 
becomes : 

= , + A 

(3) The two previous computations result in 
a meridian zenith distance that is actually in the 
plane of the instrument's collimation axis and this 
must then be reduced to the local meridian. The 
formula for the correction is : 

A t = - Am 
Where : 

. cos A cos 8 , 2 sin- (i/ 2 T) 
A = - r~ and m = - r--^; 
sin d sin 1" 

A , = the correction to be applied to the re- 
duced mean zenith distance of the star 
T = the meridian error of the instrument 
expressed as an hour angle (local side- 
real times at transit minus right as- 
cension of the star) 

For algebraic sign of the meridian correction when 
the instrument is clamped in meridian, see para- 
graph 7-8e (3) as it pertains to Sterneck reduction. 
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Figure. 7-20. Zenith distance adjustment for nonpcrpcndicular crosswire. 



After the observed latitudes for a pair of stars are 
summarized on DA Form 1962 (fig. 7-21), the 
mean latitude for the pair is computed from : 

</> = V'2, (<t>n + *) 

The observed latitude determination for each star 
contains the effect of index error but the mean 
latitude from a north and south pair eliminates 
the error. The index error for each pair can be 
determined from: 

c = Vz (</> </>) 

If the preliminary values of the latitude and the 
index error vary by more than 5" from the final 
values the meridian reductions should be recom- 
puted. 



a. The observed latitudes are summarized on 
DA Form 1962 (fig. 7-22). A mean latitude is de- 
termined and the probable error of a single pair 
computed from : 

e, - 0.6745 



The rejection limit is determined by Chauvenet's 
Criteria. The rejection factor (f) is determined 
from table B-8, appendix B, for the number of 
pairs. The rejection limit is the product of (f ) (e p ) . 
b. The probable error of the mean of all pairs is : 



c. Reduction to sea level (para. 7- 

d. Polar variation (para. 7-9e). 
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Figure 7-21. Observed latitude from a pair of stars. 
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Figure 7-22. Summary of circum-meridian latitude obscrrations. 
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CHAPTER 8 
DETERMINATION OF AZIMUTH 



Section I. CLOSE CIRCUMPOLAR STARS 



8-1. General 

a. An astronomic azimuth is the angle measured 
in the plane of the horizon clockwise from the ob- 
server's meridian to the vertical circle containing 
the observed object. The azimuth is usually re- 
ferred to south. If the azimuth from the elevated 
pole of an observer to a celestial body is known, 
and the horizontal clockwise angle between the 
celestial body and a terrestrial object is measured, 
the azimuth at the observer to the terrestrial ob- 
ject is easily computed. In practice this is done by 
measuring the angle between the terrestrial ob- 
ject and the celestial body and then computing the 
azimuth of the celestial body at the instant of ob- 
servation. Where the astronomic azimuth is used 
in the Laplace correction, it must be observed at 
a geodetic station where the astronomic position 
has been observed. 

b. Close circumpolar stars should be used when- 
ever visible. However, between the latitudes of 
5 N and 10 S, local conditions may be such that 
close circumpolar stars are not visible. If this is 
the case the method of "east - west stars" must be 
used. This section of the chapter deals with azi- 
muth observations in the midlatitudes. Except 
where specifically discussed in section II the pro- 
cedures, methods, and practices outlined in this 
section are applicable to both methods. 

82. Specifications 

a. First Order. 

(1) Two sets of observations consisting of 16 
positions each, with a minimum of 12 acceptable 
positions each, are observed. The sets are sepa- 
rated by no less than 4 hours and preferably are 
observed on different nights. 

(2) Any observation with a residual greater 
than : S'.'O from the mean of the set is rejected. 

(3) The probable error of the mean astron- 
omic azimuth must not exceed 0'.'30. 

(4) Separate means are computed for each 
set. If the means of the two sets differ by more 
than : r.'O, a third set of 16 positions is observed. 

(5) When more than two sets have been ob- 
served, any set within I'.'O of the mean is re- 
tained. 



b. Second Order. 

(1) One set of observations consisting of 16 
position, with a minimum of 12 acceptable posi- 
tions, is observed. If time and conditions permit 
it is desirable that a second set of at least 12 
positions be observed. 

(2) Any observation with a residual greater 
than db 5'.''0 from the mean of the set is rejected. 

(3) The probable error of the mean astron- 
omic azimuth must not exceed 0"50. 

(4) If two sets are observed, separate means 
are computed for each set. If the means of the two 
sets differ by more than 2"0, a third set of posi- 
tions is observed. 

c. Third Order. For third order astronomic azi- 
muth procedures, methods, and specifications see 
chapter 8, TM 5-441. 

8-3. Methods and Instruments 

a. The hour angle method (fig. 8-1) uses the 
hour angle (t) of the star, the colatitude (90 <), 
and the co-declination or polar distance (90 8) 
to compute the azimuth (A) of the star. The as- 
tronomic latitude of the observer is used. The dec- 
lination is obtained from the star catalog. The 
angle "t" is the local sidereal time of observation 
minus the right ascension of the star. Although 
any star may be used, an error in the angle "t" 
has the least effect upon the azimuth when the 
hour angle is close to 6* or 18". In the northern 
hemisphere the use of Polaris at elongation is rec- 
ommended, although any star with a declination 
greater than 85 is suitable. In the southern hemi- 
sphere the observer must use a southern circum- 
polar star. 

b. In low and midlatitudes, the observations for 
first order azimuth should be performed with the 
Wild T-3 or its equivalent. The Wild T-2 theodo- 
lite is not sufficiently accurate to give first order 
results, but may be used for lower order observa- 
tions. At latitudes near 50 or above, the Wild T-4 
theodolite must be used because its level vial is 
sufficiently accurate for determining inclination 
corrections to the horizontal directions. Regard- 
less of the instrument used, the plate, striding, or 
hanging level vials must be calibrated. 
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Figure 8-1. Azimuth by hour angle. 



8-4. General Instructions for Observations 

a. The instrument must be accurately plumbed 
over the station or a mark of known direction and 
distance from the station. The instrument must 
be well adjusted and rest upon a stable support. 
The standard issue tripod is not ordinarily suffi- 
ciently stable, therefore an instrument stand should 
be used. Lines of sight to the mark and to the 
star must be unobstructed. 

b. The signal should be farther than 1 mile from 
the instrument and must be properly plumbed, 
focused, pointed, and illuminated. 

c. A radio-chronometer comparison must be ob- 
tained just before observation begins and immedi- 
ately after the conclusion of the observations. The 
chronometer should be set closely to the local side- 
real time. The accuracy of the comparison must be 
to the nearest 0:2. The recorder should be able to 
reliably estimate the time of a signal to within 
0.1 second. 

d. After the observer initially points on the 
mark he sets and reads the circle. The instrument 
is pointed on the star and when the star is bi- 
sected by the vertical wire the observer calls "tip". 
The recorder records the time, the level readings 
(left end first when facing the star), and the circle 
reading as called by the observer. Level readings 
are estimated to the nearest 0.1 graduation. The 
instrument is reversed and again pointed on the 
star, the star is "tipped", the level and horizontal 
circle are read, and recorded. With the instrument 
reversed, a pointing is again made on the mark 
and the circle is read and recorded. This completes 
one position. This procedure is repeated until a 
sufficient number of positions have been obtained. 



The increment advancement of the circle must be 
considered for each position. The initial circle set- 
tings for 16 positions with the T-3 and the T-4 
theodolites are given in table 8-1. 
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00 
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Table 8-1. Initial circle settings 

Number Position T-3 Theodolite 

1 D 00 00' 10 unlls 

2 R 191 00 25 

3 D 22 00 35 

4 R 213 00 50 

5 D 45 00 10 

6 R 236 00 25 

7 D 67 00 35 

8 R 258 00 50 

9 D 90 00 10 

10 R 281 00 25 

11 D 112 00 35 

12 R 303 00 50 

13 D 135 00 10 

14 - R 326 00 25 

15 D 157 00 35 

16 R 348 00 50 

e. If the azimuth mark is greater than 1 degree 
above or below the horizon of the instrument, the 
level must also be read for each pointing on the 
mark, left end first. Two measurements of the 
zenith distance of the signal are sufficient for the 
entire set of observations. 

/. With the eye-ear method of determining time 
the observer must warn the recorder about 5 sec- 
onds before the star is bisected in order that the 
recorder may "count the clock". Just before the 
star is bisected the observer should say "ready" 
and, at the instant of bisection, "tip". When the 
observer warns "ready" the recorder starts count- 
ing mentally the seconds and the word "half" for 
each half second, as; "10, half, 11, half, 12, half, 
etc". Using this method the recorder can easily de- 
termine chronometer time to the nearest 0!1, with 
an accuracy of 0!2. 

8-5. Field Records 

All records are kept in the field book, DA Form 
5-69 (Horizontal Directions or Angles) (fig. 8-2) , 
and must include station name, local date, all 
radio-chronometer comparisons, position number, 
times of bisection, horizontal directions, level read- 
ings, star and azimuth mark names, zenith dis- 
tance to mark, and eccentricity. The record must 
be complete and accurate. 

86. Time Determination 

a.. The chronometer should be set closely to the 
local sidereal time. Radio-chronometer compari- 
sons, the chronometer error, the chronometer rate, 
and the determination of the corrected time at a 
given instant are explained in paragraph 6-14. 
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8-2. Azimuth, field record. 



Corrections for nutation, transmission time, and 
correction to signal arc not required since time 
for azimuth observations is recorded to the near- 
est 0:1. 

/>. Although a single reading of the chronometer 
at a radio signal is generally adequate for an eye- 
ear comparison, a series of 1 -minute signals should 
be recorded. Recording 1 a series of signals affords 
the computer a chance to identify a misreading of 
the chronometer. Five to ten radio minute signals 
are ideal, but three are sufficient. By reading three 
to five signals, an adopted mean epoch and corres- 
ponding chronometer time may be determined. An 
eye-car comparison with the subsequent mean 
epoch and corresponding chronometer time is 
shown below. 
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c.. If.no radio is available, time may be obtained 
by observation of the altitudes of stars on the 
prime vertical. 

(1) From knowledge of the longitude the lo- 
cal sidereal time may be computed. For determin- 
ation of time from the altitude of a star the chron- 
ometer time of bisection of a star by the horizontal 
wire of the instrument and the corresponding 
zenith distance must be measured in four positions 
on the star. Four positions, direct and reverse, 
comprise one time set. One time set on a star east 
of the observer and one time set on a star west 
of the observer, at about the same altitude, must 
be measured each time. Before and after each 
time set the air temperature and barometric pres- 
sure must be measured. 

(2) The prime vertical of an observer is the 
great circle passing through the observer's zenith 
and through his east and west points, hence it has 
an azimuth of 90 IJ and 270. The star must be 
within 30'' of the prime vertical and must have an 
altitude of at least 15. The instrument must have 
a good vertical circle and a sensitive level vial. 
Computation of the time by this method is illus- 
trated and explained in TM 5-237. 
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8-<7. Formula 

a. DA Form 1903 (Azimuth by Direction Meth- 
od) (fig. 8-3) is provided for the computation of 
azimuth by the hour angle method with natural 
functions, and DA Form 1904 (Azimuth by Direc- 
tion Method (Logarithmic)) (fig. 8-4) is pro- 
vided for the computation with logarithms. Both 
give the same results. 

b. The basic formula for computation of azimuth 
by the hour angle method is given by : 

, , sin t 

_____ TQ fl jQ - .. _ ..___ -__ ,_ _ -.._.-_. 

~~ cos <f> tan 8 sin <j> cos t 
Where : 

A the clockwise azimuth of the star from 

the elevated pole 

$ = the observer's latitude (should be astro- 
nomic if possible) 
8 =: the star's declination 
t = the local hour angle of the star, measured 
westward from 0" to 24" 

This formula gives sufficient accuracy for deter- 
mining the azimuth of any star. There is negligible 
loss of accuracy when it is used with seven place 
natural tables although eight place tables are rec- 
ommended. 

c. For logarithmic computation the formula be- 
comes : 

tan A cot 8 sec </> sin t (1/1 a) 
Where : 

a = cot 8 tan <j> cos t 

Table B-14, appendix B, has been prepared for the 
logarithmic values of (1/1 a) where "a" has 
been computed from the above formula. The tables 
are in two sections, plus "a" and minus "a". At- 
tention must be given to these signs. The loga- 
rithms for determining "a" are taken to five places 
and all others to six. 

d. Appendix C provides the natural values of the 
sine and cosine to seven decimal places with the 
argument expressed in time. Tables of logarithmic 
functions with a time argument arc also available. 
If these are not used, time must be converted to 
arc before extracting the functions of "t". The 
angle "t" is equal to local sidereal time minus right 
ascension. To determine the sign of the trigono- 
metric function of "t" : 

Where : 

< = 0* to 6" 1st azimuth quadrant 

6 ft to 12" 2nd azimuth quadrant 

12" to 18* 3rd azimuth quadrant 

18" to 24* 4th azimuth quadrant 

e. Positive declinations and northern latitudes 
are in the 1st quadrant whereas negative declina- 
tions and southern latitudes are in the 4th quad- 
rant. 



8-8. Computation of Azimuth, Direction 
Method 

a. Before entries are made on the DA Form, a 
radio-chronometer comparison is computed to find 
the chronometer corrections and rates. The mean 
chronometer time of observation for each position 
is entered on the form and the value of A T (con- 
sidering rate) is then determined and entered. The 
algebraic sum of chronometer time + AT gives 
the correct local sidereal time of observation (para 
6-18). 

b. Right ascension and declination of the star 
observed are determined as follows : 

(1) Since the star used for azimuth determin- 
ation is not normally on the meridian, as is the 
case with longitude observation, a somewhat dif- 
ferent method must be used to extract the appar- 
ent position from the APFS. 

(2) It is necessary to first determine the 
mean epoch of observation and to determine the 
Greenwich date and time of this epoch to the near- 
est 01.001. The local sidereal time of the first and 
last observations is used in determining the mean 
epoch. This is converted to Greenwich values as 
described in paragraph 6-20. Where the observa- 
tion period exceeds 4 hours, more than one mean 
epoch must be determined. 

(3) The right ascension and declination are 
extracted from the APFS, which gives apparent 
position for stars with a declination greater than 
81 for every upper transit. Right ascensions are 
extracted to the nearest . 1 and declinations to 
the nearest O'.'Ol. 

For example, we wish to extract a. and 8 for Po- 
laris (ex. Ursae Minoris) for an observation. The 
mean epoch is 30.327 Jim 68. The observation is 
apparently bracketed by the following times for 
which the position is given : 

Jim 30 02" 00'" 58 : 73 89 06' 52 '.'47 
Jul 1 02 00 59.95 89 06 52.43 
As decimal parts of a day are the interpolating 
argument it is necessary to find the exact part of 
the Greenwich Day at which the upper transits 
were made. This is done by subtracting sidereal 
time at 0* UT for that day from the right ascen- 
sion and dividing the result in minutes by 1444. 
(There are about 1444 sidereal minutes in a mean 
solar day.) 

30 Jim 68 1 Jul 68 

Right ascension 02" 00'" 58 ! 7 02" 00'" 60 : 
ST 0" UT 18 32 29.4 18 36 25.9 

Sidereal interval 07 28 29.3 07 24 34.1 



= 0.811 



1444 



0.808 



Upper transit on: Jim 30.311 and Jul 1.308 
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Date 19 68 , position 


30 Jo* (AW) i ' 


2 


3" 


4 


Chronometer reading 


2o 42 /0.7 ' 


2o 47 O9.7' 


20 51 J7.4' 


2o 54 44.8' 


Chronometer correction 


A /5.0' 


+ /5.0' 


+ /5.o / 




Sidereal time 


2o 42 25.7' 


^o 47 24.7' 


20 S/ 32.4 ' 


20 54 59.8' 


RA(a) of F*c>LAf*t (star) 


O2. 00 58.7' 


02 00 5Q.7' 


02 00 S3. 7' 


O2 OO 5Q7', 


HA(t) of star (time) 


/8 .41 27.0 


/3 4t> 26. Q' 


/8 50 33.7 


/8 54 01. l' 


t of star (arc) 










Dec!. (&) of star 


39 O6' 52- "4~7 








Constants for star 


Sin tf> 

+ O. 62 SO 4554, 


Cos <t> / 

+ O.73O5 8&43 


Tan 5 

+64.704 77 / 


Cos <i> Tan 5 

50.507 795' 


Sin t 


- 0. 933 <>894 


-O.379 S4&0 


-0.97S 7627 J 


-0.372 35/Z 


Cost 


+ Q.I73 8754 


+ 0.20, 2204 


+ O.2/8 3J(S 


+ 0.233 523Z 


Sin COM t 










Cos <(> tan 5 sin <f> cos t 


-t- So. 335 365 


+ SO. 3S2 023 


j 
+ 3o. 37 f 0/S 


+ 5o. 36/ 832. ' 


Tan A 8i " * 


-O.OJ9S /W 


-0.0/94 4237 


- 0. 0/93 7/SI 


-O.O/B3 O73O 


cot <j> bn S iin < cot t 


A (Az. of star from N.)f 


+01 07' 057' 


+ Or06>' 43& 


+ 0,0t>' 35.2? 


+ OJ 04,' 2/'.'s 


Diff. in time between D. & R. 


m. s. / 

01 22.2 


m. s. 

O/ 04.4 ' 


m. s. 

O/ O4.8 ' 


m. s. 

O/ OS. 3 ' 


Curvature correction 


/ 


s 


/ 


s 


3.i 


/O.4 


\-Ji.-3 


/?./ 


Altitude of star (h) 


_3Tg 50 10 ' 


33 ^/ 20 ' 


38 52 /O ' 


38 -S3 00 s 


4- tan h (level factor) 


1. 4588 ' 


J.4597 J 


J. 4*4,05 ' 


J. 46/2. ' 


Inclination 


+ O.J' 


+ 0.7' 


+ 0.?' 


+/.!< 


Level correction 


+ o'.'l ' 


+ /."o / 


+ /3 ' 


+ /"<*' 


Circle reading on star 


12 33 58. 0' 


2o3 34 OS. 2' 


34 34 J7.<o' 


225 34 22.1" 


Corr. reading on star 


12 33 5BJ ' 


2o3 34 0&.2.' 


34 34 /<9-9 >/ 


225 34 2.4. 3 


Circle 1 raiding on Murk 


OO OO 24.4" 


/&/ CO 4(>.4' 


22. O/ /4.7</ 


2/3 OJ 34. 2.- 


DifT. (Mark minus star) 


/ 


347 24> -40.2 


* 
347 ?& 55.8 


347 27 <?W 


Corr. Az. of star, from N.f 


J-OI O7 OS 7 


/ 
+OJ 0& 49.8 


+01 Ot> 352 


+0) Ot> 2J. S 




180 00' 00".0 


180 00' 00".0 


180 00' 00".0 


180 00' OO'.O 


Azimuth of 
(clockwise from south) 


O / ff 

/6>8 33 32.0 


/ 

/t>8 33 3o. o 


/ " J 

J^8 33 3J.O 


' * * 

;t>8 33 31- 8 


To the mean result from the above computation must be applied corrections for diurnal aberration, elevation of mark, 
arid eccentricity (if any) of station and mark. Carry times and angles to tenths of seconds only. 
*Give volume and page of record for eccentricity, if any. t Minus, if west of north. 


COMPUTED BY DATE CHECKED BY DATE 

vS*/ 3 A/^^TVA/ 2 tJt/Ly &>& ^" SS& ^/GfS'&S" 2 Jvt-Y 4*& 
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PROJECT LOCATION 
FT. &i.YO/jCZ V*. 


AZIMUTH BY DIRECTION METHOD (LOGARITHMIC) 

(TM 5-237) $6T W ^, ' 


ORGANIZATION MARK *St9C/*-$O*J I 

U. S. >9. E. s. AZ. M*. (ifffies) 67 


.ATITUDE (*) / LONGITUDE (\) s STATION 

38* 4j' 07. "86 0S A OB m 32?6I tjACK.So*/(uS#ez)'9G7 


CHRON. NR. INST. (NR.) LEVEL VALUE(d) E 

2729208 ' T3*9t62t> ' /.<8/2 /* 


ICC.' (INST.) (SIGNAL) OBSERVER 

S/OA/C ' S3G UoA/es 


G. CIVIL DAY 

3o. 327//cv 68 


Date 19 65 , position 


3o J<J*er (AM) 


s 


3 


4" 


Chronometer reading 


Zo 4Z A3. 7' 


Zo 47 09.7 


Zo ^/ J7.4' 


So 54 <44.a< 


Chronometer correction 


* /s. o ' 


/ /5.o 


+ /S.O' 


* /S.O' 


Sidereal time 


So 42 23.7' 


2c 47 24.7 


20 SS 32.4' 


Zo S4 *S9. S 


RA(a) of PoLAflOS (Star) 


OZ oo SS.7 J 


02 oo 58.T 


02 00 SS.7* 


^ 
O2 oo 58.7 


BA(t) of star (time) 


18 41 27 0' 


18 4t> 26.0' 


18 50 33.7 < 


18 S4 01. 1 " 


t of star (arc) 


10 21 45.0 ' 


Jl 36 30.0 " 


/3 38 25. S" 


J3 30 /6.S' 


Decl. () of star 


89 OG>' S2"47 








Log cot 6 


S. 183 06 J 








Log tan <t> 


9. 9o3 4? * 


<5> 092 SS * 


S. 032 SS ' 


8. OB2 55 


Log cos t 


3. 254 97 ' 


B. 303 4>7 " 


3.340 M ' 


^. 3^,e 33 " 


Log a (to 5 places) 


7. 347 52 * 


7. 336 22 J 


7. 432 6& ' 


7 410 68 y 


Log cot 5 


8. 189 064- ' 








Log sec <t> 


o. /or S7ff ' 


&. Z9t t>42 ' 


8. 2S <42 / 


S.29& 4>4-t/ 


Log sin t 


e. 332 sss n 


9. 99/ OZS -n 


9. 963 344 xi 


S. 30 7 823 >z 


Tfl.. 


O. ooo 968 ' 


0. 001 083' 


O. 00 J /78 J 


0. 06 f 2S7' 


lx * i- 


Log ( tan A)(to 6 places) 


8,290 4^8 n^ 


8.288 7SO n 


8.287 /65 n' 


&.28S 72? 7Z 


A (Az. of star from N.)t 


401*01' OS"?' 


+-0/ 9 Ot>'49W 


O ' Al * 

+ 01 06 35 Z 


+ 0/*0t>' 2/V 


Diff. in time between D. & R. 


m. s. 

O/ 2Z.Z ' 


m. s. 

Of 04.4 ' 


m. s. 

o/ 04. S ' 


m. 3. 

O/ #5.9 ' 


Curvature correction 


s 


~ * 





^ 


Altitude of star (b) 


38 So /O / 


33 SI 2o ' 


/ It 

38 52 /O ' 


38 S3 00 ' 


tan h (level factor) 


J.45S8 ' 


J.4S37 * 


/.46oS ' 


I. 46* 2. ' 


Inclination 


+ O.I" 


-/0-7' 


-to.^' 


+ '/. 1' 


Level correction 


+ O.I < 


-S- /.Os 


+ V. 3" 


+ J.<o* 


Circle reading on star 


JZ 33 Sg.O" 


63 3-4 OJS.2' 


34 34 J7.&<> 


22 S 34 22.7 


Corr. reading on star 


/Z 33 58 J' 


203 34 Ot>.2.< 


34 34 /A 9" 


225 34 24.3 


Circle reading on Mark 


oo oo 24- 4 * 


J91 00 46.4* 


22 01 J4.7* 


2/3 Of 34.2 


Diff. (Mark minus star) 


347 2t> 26.3* 


347 2< 4o.Z' 


347 2t> 5-8 


347 27 03.3 


|corr.Az. of star, from N.f 


+ 01 07 05. "7 


+OJ O6 4$.&' 


+ 01 06 35.2 


+ OJ 06 2J.3 




180 00' 00*. 


180 00' 00".0 


180 00' 00*.0 


180 00' 00". 


Azimuth of 
(clockwise from south) 


/ 

Ib8 33 32.0 


* ^ 

Jl>S 33 So.o 


O 1 IT 

Jl>8 33 31. o' 


o / ., 

Jt>8 33 3J.8 


To the mean result from the above computation must be applied corrections for diurnal aberration, elevation of mark, 
and eccentricity (if any) of station and mark. Carrv times and angles to tenths of seconds only 
Uive volume and page of record for eccentricity, if any. t Minus, if west of north. 


COMPUTED BY DATE CHECKED BY DATE 

SS* MM$T/*J 2J^y 6>8 ** &><? soves 2 J<*.y L8 



Figure 8-4. Azimuth by direction method (logarithms). 
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a. 



Jim 30.311-] 
0".016 



02" 00 m 58. '73-i 89 06' 52'.' 47 



Of 997 



i 



30.327 
Jul 1.308 



j 



-f-01!22 



q y u 0(5' 52T47-1 



HOUR CIRCLE OF 
REVERSE POINTING 1 



-00'.'04 



J 



Interpolating argument = n 



0.016 



02 00 59.95J 89 06 52.43 
__ 0.016 
~ 0.997 

Jun 30 . 327 a = 02" 00'" 58 ! 7 S = 89 06' 52'.'47 
The interpolation of second or higher differences 
is not necessary. 

c. Short period terms of nutation are included 
in the apparent positions that are listed for every 
upper transit and need not be applied separately. 
Because right ascension is carried only to '. 1 the 
correction for diurnal aberration is too small to be 
considered. Diurnal aberration in declination is 
applied later in the computation. 

d. When the right ascension is subtracted from 
the local sidereal time of observation (adding 24" 
to the LST if necessary to avoid a negative angle) , 
the result is the local hour angle, "t". Computa- 
tion of the azimuth "A" is completed using either 
DA Form 1903 or DA Form 1904 and the signs 
are checked. For northern stars when the local 
hour angle is from 0* to 12" the star is west of 
north and "A" is negative, 12" to 24" the star is 
east of north and "A" is positive. For southern 
stars when the local hour angle is from 0* to 12* the 
star is west of south and "A" is positive, from 12" 
to 24" the star is east of south and "A" is negative. 



89. Curvature Correction 

a. The time interval between direct and reverse 
pointings on the star should be as small as possible. 

b. In using the direction method of azimuth de- 
termination, two pointings are made on the star, 
one direct and one reverse. The resulting azimuth 
is computed using the mean of the chronometer 
times and the mean of the instrument pointings. 
The azimuth thus computed is the azimuth of the 
mean hour angle and does not equal the required 
mean azimuth of the chronometer times of the 
separate pointings in the observation (fig. 8~5). 

c. The rate of change of azimuth constantly 
varies because of curvature of the apparent path 
of the star. The difference is small but not always 
negligible. The general expression for computing 
the correction is: 



* A ,4. A \ 
A A (tan A ) 
' n 



2 sin- 1/2 r 



sin I" 
Where : 

A the azimuth of the star from the elevated 
pole 




STARS PATH 



AZIMUTH OF 
DIRECT POINTING 



Figure 85. Curvature correction. 

n = the number of pointings 

r = the interval between the mean hour an- 
gle of all pointings and the hour angle of 
a single pointing 

In the direction method, n = 2 and 2 r is the in- 
terval between the direct and reverse pointings on 
the star. For close circumpolar stars the correction 
may be taken from table B~15, appendix B. The 
sign of the curvature correction is such that the 
angle of the star from the elevated pole is de- 
creased numerically. When other than circumpolar 
stars are used, table B~15 is not sufficiently ex- 
tensive and the curvature correction must be 
either computed or eliminated by computing sep- 
arately the direct and reverse pointings, and mean- 
ing the results. Table B~7, appendix B has been 
prepared to give the values of : 

2 sin i/ 2 T 

sin 1" 

with the time interval between direct and reverse 
pointings as the argument. 

8-10. Inclination Correction 

a. The angle as measured between two objects 
not in the same plane will not be a true horizontal 
angle when the vertical axis of the instrument is 
not truly vertical. As the inclination of the ver- 
tical axis of the difference in altitude between the 
two objects increases, the error also increases. For 
this reason the circle readings are corrected by use 
of the following expression : 

Corr=|[(Al) - (Ar)] tan fc 

Where : 

d value of the level vial in seconds of arc 
per graduation 
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Al - arithmetical difference of the direct 
and reverse readings of the left end ol 
the level 

Ar arithmetical difference of the direct 
and reverse readings of the right end 
of the level 

h observed altitude of the object 
when the level vial is numbered consecutively from 
one end to the other. Where the level vial is num- 
bered from the center out rather than consecu- 
tively from one end to the other the correction 
becomes : 

Con | [(SI) - (2r)]tanfc 

where the readings of the ends of the level have 
been added rather than subtracted. When the level 
can be reversed on the instrument a mean of 
[(Al) (Ar)] with the instrument direct and 
[(Al) (Ar)] with the instrument reversed is 
taken. The level correction with the proper sign 
is added algebraically to the circle reading on the 
star to give the corrected circle reading. 

b. When Polaris has been observed and no meas- 
urement of the zenith distance has been made the 
altitude may be extracted from the AE&NA, table 
II. When "h" is the desired value the expression 
becomes : 

h = <j> (a + ai + ft 2 ) 
An illustration of the determination of the altitude 

of Polaris is shown below : 
- 38 41 : 1 LST = 20" 42".'4 Date = 30 Jun 68 
0,0= -9:3 ^=-0:1 a,= +(K3 

fc = 384i:i~ (-9:3-0:1 + 0:3) 

= 38 41 .'1 + 9: 1 - 38 50' 12" - h 

c. When a star other than Polaris is observed the 
altitude for each position must be computed from 
the formula: 

, cos 8 sin t 
cos h = - : -. or 
sm A 

sin h - sin </> sin 8 -f- cos </> cos 8 cos t 

h the star's altitude 
8 the star's declination 
t = the star's hour angle 
A ~ the star's azimuth 
4> = the observer's latitude 

d. As the tangent function is not critical at low- 
er altitudes, it is easiest to compute the altitude 
as intervals during the observation, graph the 
function with a time base, and scale the altitude 
for each observation from the graph. 

e. If the mark (signal) is above or below the 
horizon by more than 1, level readings must be 
taken while observing on the mark and the circle 
readings on the mark must be corrected for in- 
clination by means of the expression : 



Where : 



- (Ar)]tanH 



Where : 

d value of the level vial in seconds 01 

arc per graduation 

A 1 arithmetical difference of the direcj 
and reverse readings of the left end ol 
the level 

A ? = arithmetical difference of the direct 
and reverse readings of the right ent 

of the level 
H = the observed angular altitude of the 

signal 

This correction is applied in the same manner 
the correction to the circle reading on the st 
Where "H" is an angle of elevation, the tariff 
of "H" is positive ; if "H" is an angle of depr 
sion, the tangent of "H" is negative. When i 
correction to the circle reading on the mark is 
be used, it must be applied before the reading 
the mark is entered on the form. 

/. All altitudes need be corrected only to t 
nearest 10" and four place values of the tangc 
function are sufficient. 

8-11. Azimuth of the Mark 

The corrected circle reading on the star is si; 
tracted from the corrected circle reading (in I 
mark (adding 360" if the result would be ntfl 
tive), thus obtaining the angle of the mark ir 
the star. To this angle is added algebraically v 
corrected azimuth of the star from north C f * 
south if a southern star is observed). Win-is 
northern star is observed, 180" must bo add* 'I 
give the azimuth from south. Examples of azirrar 
computation using DA Form 1903 and DA Fr 
1904 respectively aix> illustrated in figure 8" 3 ai 
8-4. 

8-12. Azimuth Summary 

a. Procedure. After all the azimuths have !>.. 
computed they are summarized on DA Form 11 
(fig. 8~6). Any position having a residual gn-al> 
than 5700 from the moan is rejected and a iw 
mean computed. After all rejections have K-.; 
made the probable error of the mean azimuth 
computed from the standard formula: 



<>, - . 6745 



'n(n 1) 

b. Determination of .Mean. A mean of each set : 
determined and if the mean of one set differs fm 
the mean of the other set by more than I'.'OO. ar 
other set must be observed. 

c. Corrections. The mean observed azimuth mu? 
be corrected for diurnal aberration in dcclinat: .! 
elevation of the mark, polar variation, and if r.ei 
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o urn mart/ or 



uos. -Jets /f2 



r ui.uui.iiw 



SACXSOA/ 



ORGAN.ZATION^ 



30. /OS t/u-n 68 



Azirrju.-4/i 



30.Z27 Jan 



v 



33.4 



0. O 



33.0 



3 



1-0 '' 



33.5' 



+ 0.2.'' 



3/3 



+0.1 



31. 



+0.1 ' 



3/5 



30. 



1-4 



32.9 



8 



33.3 



33.7 



3/5 



+/.Z ' 



to 



31.2 



30.6 



Jl 



32.2 



-Q.Z J 



12 



33.0 



-2.5 ' 



/3 



32.0 



o.o 



J4 



30.0 



+ 2-0 



14 



3/0 



+ 0,8 



/5 



33.0 



-1.0 



32.1 



Mr) 



32. 22 



31.84 



49.85 



7 



-do 



AST 



/ "^ + // 
33 32.42 -OJS 



TABULATED BY 



DATE 



CHECKED BY 



DATE 



DA.rr.,1962 



Figure 8-6. Azimuth summary. 



8-9 



TM 5-442 



essary for eccentricity of the instrument or the 
mark. 

d. Diurnal Aberration. Because of the movement 
of the observer owing to the earth's rotation on 
its axis and the variation in the speed of that 
movement with the observer's latitude, a star is 
soon slightly displaced from its real position (para 
6 1 Gc/) . The correction to the apparent declination 
for a star at any hour angle may be written in 
the form: 

diurnal aberration S .--.. k s -- 0"32 cos $ sin t, sin 8 
However, since only one star is observed in azi- 
muth determination the expression is rewritten 
as a correction that is applied to the azimuth of 
that star, as follows : 



7 

A- = 



C()S A COS C/> 

- : - 
COS // 



Where : 

A the azimuth angle of the star clockwise 
from tho pole 

the observer's latitude 

h observed altitude of the star 
The correction is not applied to tho individual ob- 
servations but to tho entire set using the mean 
azimuth and mean altitude. For very close cir- 
cumpolar stars the expression to be used is: 

/r . OY32 cos A 

For azimuths measured clockwise, the correction 
is positive in the northern hemisphere and nega- 
tive in the southern hemisphere. 

c. Klcration of the Mark. Since the verticals of 
any two points on a spheroid do not, in general, 
lie in the same plane, there will be an error in 
the observed horizontal direction of a station, de- 
pending upon its height above the spheroid. This 
error may be likened to the error of sighting on 
an inclined range pole ; the higher up the sight is 
taken, the greater the error in the horizontal di- 
rection. This causes a correction in seconds of arc 



to the azimuth, the correction being dependent on 
the elevation of the mark. This correction is also 
known as the "skew normal" correction. The first 
approximation of the correction is : 

A A =r -j- ~ : COS" d> Sill 2 A 

2(1 sin 1 r 

Where: 

e the eccentricity of the spheroid of ref- 
erence 
a the semi major axis of the spheroid of 

reference 

</> -. tho latitude of the point of observation 
A ~ the azimuth of the mark from south 
// the elevation of the mark above sea level, 
expressed in the same terms as "e" and 



Sec paragraph 7 8r(2) for double angle formula. 
The correction may be computed for all spheroids 
from: 

A 0.000109 // cos-' sin 2/1 
where h is in meters. The sign of the correction 
is positive when "A" is in the first or third quad- 
rants and negative when "A" is in the second or 
fourth quadrants. In other words, it is positive 
when the mark is northeast or southwest and neg- 
ative when the mark is northwest or southeast. 

/. Polar Vacation. The observed azimuth must 
l)e corrected for polar variation as explained in 
paragraph 6 28. The correction is given by: 
A A --.- (r sin X .// cos X) sec < 

.(/. E cccnt i icity. If either the instrument or mark 
were eccentric to the station to which the azimuth 
is referred, the observed azimuth must be reduced 
to the azimuth between the referenced stations. 
The field party must determine the eccentric angle 
and distance at the eccentric station and the dis- 
tance between the instrument and the signal. The 
reduction is called "reduction to center" and is 
fully explained in TM 5-237. 



Section II. EAST-WEST STARS 



8-13. General 

a. In the very low latitudes, generally defined as 
between N 5 and S 10, circumpolar stars can- 
not be readily observed. The azimuth, determina- 
tion consists of observations on east and west 
stars symmetrically about their position of mini- 
mum azimuthal velocity (elongation), where such 
star positions occur between altitudes of approxi- 
mately 12 to 18. If close circumpolar stars are 
visible at these latitudes, they should be observed 
in preference to the east-west star method. 

b. In azimuth determination using east-west 



stars the station latitude is critical, hence the as- 
tronomic latitude must be accurately determined 
and used in the computation. Similarly, the as- 
tronomic longitude should be determined and used 
in the computation; however, the effect of using 
the geodetic longitude is less critical. 

814. Specifications 

a. First Order. 

(1) The azimuth is determined from the mean 
of a minimum of 48 acceptable observations, con- 
ducted on at least two different nights or with two 
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bserving periods separated by at least 4 hours. 

(2) The number of acceptable observations is 
iivided equally between east and west stars. 

(3) Any observation with a residual greater 
han S'.'OO from the mean of the stars in that 
et is rejected. A set pertains to the observa- 
ions on one star during an observing period. 

(4) The probable error of the final result of 
,11 observations must not exceed O'.'SO. Addi- 
ional observations are made if this probable er- 
'or is exceeded. 

(5) The probable error of the final result is 
omputed from: 



Vhere: 
e,,W = the probable error of the mean of the 

observations on the west star(s) 
e,,E = the probable error of the mean of the 
observations on the east star(s) 

(6) On any one night both an east and a west 
tar are normally observed. The same two stars 
nay be observed on the second night. 

(7) If atmospheric conditions prevent ob- 
ervations on both an east and a west star, either 
>ast or west stars may be observed provided that 
tars on the opposite side are observed on another 
light. 

(8) Sixteen positions are normally observed 
m each star. A star set consisting of less than 12 
nit not less than eight positions is acceptable pro- 
viding that a suflicient number of stars are ob- 
served to satisfy the requirement of 48 acceptable 
)bservations. 

(9) The mean azimuth of any one set of obser- 
/ations may not differ by more than I'.'OO from 
;he mean azimuth of the east or west sets. 

(10) If the astronomic position is not used in 
;he field computation the following criteria will 
ipply. 

(a) The mean azimuth of any set of obser- 
vations on an east (west) star shall not vary from 
:he mean of all sots of oust (west) stars by more 
;han I'.'OO. 

(b) A paired set, consisting of the mean 
azimuth of the observations of both an east and 

star, shall not vary from the mean of a sec- 
paired set by more than I'.'OO. 
b. Second Order. 

(1) The azimuth is determined from the 
mean of a minimum of 24 acceptable observations. 

(2) The number of acceptable observations 
must be divided equally between east and west 
stars. 

(3) Sixteen positions are observed on each 



star, with a minimum of 12 acceptable positions. 

(4) Any observation with a residual greater 
than S'.'OO from the mean of the set is rejected. 
A set pertains to the observation on one star. 

(5) The probable error of the final result of 
all observations must not exceed : O'.'SO. The prob- 
able error is computed using the formula in a (5) 
above. 

(6) With the exception of the above specifi- 
cations all other specifications listed in a above 
apply. 

c. Third Order. For specifications, procedures, 
and methods for third order see chapter 8, TM 
5-441. 

8-15. Determination of Suitable Stars for 
Observation 

a. Stars are selected such that their positions of 
elongation occur at approximately 12 to 18 al- 
titude, thus permitting their observation about 
elongation between 5 and 25 altitude. 

b. When the station latitude is greater than 2 
the declination range for elongating stars is from 
3 1 /) to 5 times the station latitude. This will place 
the altitude of elongation within the range of 12 
to 18. 

c. When the station latitude is within 2 of the 
equator, the range of suitable declinations of elon- 
gating stars is quite narrow and in order to in- 
crease this range, observations may also be made 
on stars near the prime vertical. 

d. The declination of the selected stars must be 
in the same hemisphere as the station latitude. 

r. Since the stars should be readily visible to the 
unaided eye, a magnitude range of 1.0 to 4.5 is 
recommended ; however, stars of dimmer magni- 
tude may be used if conditions permit. 

f. Observations are begun at a time that insures 
a symmetric distribution of positions about the 
star's point of elongation. 

8-1 6. Determination of Suitable Declinations 

a. Elongating stars suitable for observation have 
a declination lying between three and one-half 
and five times the station latitude. Hence, with a 
station latitude of S 02 35' the declination range 
is from -09 to 13. 

b. The prime vertical stars have a declination 
between the equator and the station latitude but 
should preferably have a declination of about V-> 
the station latitude. 

c. Hence, at a station latitude of N 00 50' the 
declination range will be from to -f 00 50' for 
prime vertical stars as well as from + 02 55' t'o 
-f- 04 10' for elongating stars. 
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817. Observing List 

In selecting stars suitable for observation, many 
approximations are made. When the stars are se- 
lected the data are refined. 
a. Right Ascension. 

(I) First the local sidereal time when obser- 
vations are to commence must be determined. The 
stars to be observed will be about V-> hour above 
the horizon at either start or conclusion of ob- 
servation. Hence, the right ascension of an east/ 
west star at the start of observation would be LST 
-f 5% hr/LST 4 a/ 2 hr, assuming a 1-hour ob- 
serving period. The required hour angles may be 
obtained with sufficient accuracy by computing" the 
hour angle on the horizon and then correcting it 
for the required altitude in hours. With <. and 8 
of the hour angle of a star on the horizon is 
6 hours and at </> = 10 and S = 45 the hour angle 
would be about 6" 40'". Therefore, the hour angle 
of the east stars should be about 5V near the 
equator and about 6" at <j> = 10. Based on a 1- 
hour observing period, the west stars should be 
near hour angles 4%" and 5" respectively. A linear 
interpolation between these extremes is sufficient 
for preparing the star list. 

(2) The catalog is entered, starting at the 
proper right ascension, and those stars within the 
declination range and having a suitable magnitude 
are selected. A sufficient number of stars is listed 
in two columns, west and east, according to in- 
creasing right ascension. An example of the pre- 
liminary list is shown below : 



euiivt: 111 



Star 
190 
194 
220 
266 
293 



Star 
564 
622 
673 

1482 
1527 



Mag 

4.3 

0.3 

2.2 

4.2 

4.1 



Mag 
2.7 
2.7 
3.5 
4.1 
4.6 



WEST 

a 

05" 08" 
05 13 

05 46 

06 53 

07 40 

EAST 

a 
15" 15" 

16 35 

17 57 

18 33 
20 16 



-08 C 
-08 

-09 

10 

J- faj 

-09 



-09' 

-10 

-09 

-08 

-12 



48' 

14 

41 

00 

28 



16' 

30 

46 

16 

37 



b. Preselecting Stars. Choose by inspection a 
pair of stars, one east and one west, which will 
arrive at the proper hour angle in the correct se- 
quence; that is, so that one is approaching the 
position for beginning observations at the time ob- 
serving is completed on the other. For example, an 
east star comes into proper position first. Then, 
the west star should have a right ascension so as 



servation period) later. One way of doing this is 
to subtract the hour angle used from the right as- 
cension of the east star, and to add the hour angle 
to the right ascension of the west star. This gives 
the LST at which they will arrive in position. The 
LST of one should follow that of the other by at 
least the observing period, ordinarily 1 hour. 

c. Alternate Pairs. As a precaution, select one 
or more alternate pairs to serve in~case observa- 
tions on the first are interrupted by clouds or other 
causes. The star tables seldom afford an ideal pair 
at just the desired time. 

Station : PILIKOS 4, = 5 02 35' 16" 
X = W 10" 01'" 19' 

Date : Local 5 May 68 LST obs start 08" 51'" 

8 Range 08 to -13 

a Range E = 08" 51'" -f 5" 30'" = 14" 21'" 
W = 08" 51'" - 4" 30'" = 04" 21'" 
The list may have to be continued and the obser- 
vations delayed until suitable stars are found. This 
will seldom prove serious. 

8-18. Computation of Star Finding Data 

a. The time, magnitude, altitude, and approxi- 
mate azimuth of the stars must be known in order 
to find and identify them. Since the field of the 
telescope is a degree or more in width, these op- 
erations do not have to be done with high precision. 

b. The hour angle of elongation is found by: 

cos t,. tan cot d 

Add this hour angle to the star's right ascension 
to obtain the LST of elongation. Then the observ- 
ing period begins !/.> hour before the time of elon- 
gation. 

c. The altitude of elongation is found by : 



sin h r = 



sin 



sin 8 



In the case of an east star, one-half the observing 
period converted to arc units is subtracted from 
the altitude of elongation to obtain the altitude 
for finding the star and starting observations. For 
a west star, the half interval is added to the alti- 
tude of elongation. Assuming a 1-hour period, this 
amount would be 7 30'. 

(I. The azimuth of elongation is given by: 

, cos 8 

sin A,. = 

cos < 

This azimuth is sufficient for finding the star at 
the time of beginning observations. This presup- 
poses a knowledge of the approximate azimuth of 
the mark. If no ground direction is available, an 
approximate azimuth by such observations as on 
the sun, or with a good magnetic compass, must be 
obtained before the observing period. 
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e. To find the star, at the LST for the beginning 
pointings, set the vertical circle to the altitude for 
this time, and place the telescope at the proper 
azimuth. Because of the approximate nature of the 
calculations, some movement of the line of sight 
may be required. However, the star will be the 
brightest in the immediate vicinity as well as very 
close to the set position. Little difficulty should be 
encountered in positively identifying the star. The 
star is found on successive positions by adding the 
advancement of the circle to the last reading on 
the star and usually without setting the altitude. 
An example of an observing list is shown below : 

Star Mag E-W t Begin Az Alt 

190 4.3 W 04" 55'" 09" 33'" 81 35' 17 11' 

220 2.2 W 04 59 10 15 80 40 15 35 

622 2.7 E 05 02 11 03 289 10 14 22 

293 4.1 W 04 57 12 07 80 39 15 57 

1482 4.1 E 04 47 1.3 16 277 52 18 19 

8-19. Observations 

Observing procedure is exactly the same as for 
observing a circumpolar star. The 1-hour observ- 
ing period should allow 16 positions to be observed. 
This period should not exceed 1 hour at latitudes 
greater than 6", but may bo extended somewhat 
when near the equator. 

820. Computation of Azimuth 

a. The only difference between extracting the ap- 
parent declination and right ascension of the stars 
observed by the east-west method and circumpolar 
stars is that the positkms listed in the APFS are 
only tabulated for every 10th day rather than 
every day. The tabulated days and decimal parts 
of a day must be expanded to three decimal places. 
This is done by subtracting the sidereal time at 
0" UT for that day from the right ascension of the 
star for that day and dividing the result by 1444 
minutes. In addition, the second difference and 
short period terms of nutation in declination must 
be computed and applied. 

For Star 220 Mean epoch 5.410 May 68 

2. 6 May 6 8 12. 6 May 68 

Right ascension =. 05" 46'" 13:855 05" 46'" 13:794 
ST 0" UT - 14 39 52.461 15 19 18.011 
Sidereal interval = 15 06 21.394 14 26 55.783 



906.357 
1444 



= . 6278 



866.930 
1444 



rMay 

I May 
9.9725 

-May 



2.6278-1 
2.7822 
5.410-J 

12.6003 



05" 46'" 13. 855 i 
-0.061 



13!794J 



09 40' 46'/36-| 
+1.29 



45'.'07J 



~ 9.9725 
= +0.130 



a = 05" 46'" 13:8 



rr: 0.279 B" = 



= -0.050 



-0.019 AS- 0.02 
(A,," + A,") = + 0.42 
8 = 09" 40' 46'.' 04 



b. As the tables of "log 1/1-a" are not suffi- 
ciently extensive, only DA Form 1903 is used to 
compute the azimuth (fig. 8-7) . Because the star's 
azimuth will be at an angle of 40 to 90 from the 
meridian, the equation for computing its azimuth 
should be in the form : 



cot A 



tan 5 sin <fr cos t 



sin t 



Which may be reduced to: 
cos c/> tan 



cot A =. 



sn 



sin t 



tan t 



- 0.6003 



c. The curvature correction in the east-west 
method of observation is usually relatively large 
and the expression given in paragraph 8-9 will not 
give sufficient accuracy. The formula (for two 
pointings with a direction instrument) is: 

A A = - 

sin A cos </> sec-'// (cos // sin <5 -- U cos A cos 0) (t)- sin 1" 

__ 

where "t" is the time interval between the two 
pointings expressed in units of arc. It is much 
simpler to eliminate the curvature correction by 
computing the azimuth of the star for both the di- 
rect and reverse pointing and then applying the 
corrected mean circle reading to the mean of the 
two azimuths. 

d. The correction for diurnal aberration in de- 
clination is applied to the mean of all observations 
of a single star using the mean azimuth and alti- 
tude of that star. 

c. The corrections for elevation of the mark, 
polar variation, and eccentricity are applied as ex- 
plained in paragraph 8-12. 
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PROJECT LOCATION 

A/GUJ //an over -Z.S. 


AZIMUTH BY DIRECTION METHOD 

(TM 5-337) 


ORGANIZATION MARK PiuKOS AZ 

U. s. A. G. S. MK CAMS) J9&2. 


LATITUDE (0) ^ LONGITUDE (X) y STATION 

- O2 35 /6.26> -10 OJ S9.334 P/UA.O^ fajyjs) /&&2 


CHRON. NR. INST. (NR.) LEVEL VALUE W 

2(z /2O75 ' 7~3 5?937' /.9O2. J ^ 


ECC.' (INST.) (SIGNAL) OBSERVER G. CIVIL DAY 

" 

SVoM ^ S"G uosS'3 MAy5-4/O, 4>8 


Date 10 65 , position 


S MAy(pM} /O 


/* 


20 


2*' 


Chronometer reading 


/O ?/ 58.3 


/O 23 >55.5 


/O 27 04>7 


/O 2& *3+.8 " 


Chronometer correction 


-of^ 


-0/.9 


- 0/.3 


- o/. ^ f 


Sidereal time 


/O 2/ 56>.4 


/O 23 S3. 4, 


/O 27 04.8 


SO 28 32. 9 " 


BA() of # 2ZC ' (star) 


O5 44* /3.8 


05 4t> '3.a' 


OS <44> /3 8 


OS 44, S3. 8 ^ 


HA(t) of star (time) 


04 35 42.1, 


04 37 39.8 


04 40 S/.O 


04 42 S3. 1 * 


t of star (arc) 










Decl. (S) of star 


-O34o'4e,:'o4 


- O.St>7/ 359 / 


Cos S 
+ 0.9857 t3& 




Constants for star 


Sin </> 

-O.04S/ S//S 


Cos 4> 

+ O.3939 eo/4, 


Tan 4 , 


Cos 4> Tan i 

-0./703 9O/6? 


Sin t 


hO. 933 '262 


+ 0.*3t /5^7 


+ 0.^40 9546 


+ 0.343 J04Z" 


"tart t 

n._ i 

""""** 'COS if 


-/-O.SSe 5490' 


5ase?&&* 


+ a. 336 S3Zt> ' 


+ 2. 834* 4Z8 ' 
^ 0. 532 4972.* 


<D 'cos & tfaV? S" 


- 0./826 OJ4I 


-OJ420 ,030 


-O./3SO &?23 


- O. /8o> 695C^ 


r ' lM lM "" 1 'SS* t 


'S/n0 


-0.0/73 9748* 


-0. 0,4,3 369*' 


- O.O/62 4429 




- o. o/se /esj 




- Cbtf A = <2> - g>; 
Tnii A= 55^ 

M^k. < .../.,+. 


- O.J&S2 O3S3 


-O./65O 5334 


if 

-O.J&48 3794 


O S&47 &//9 


A (Az. of star from H.)f 


^ 60 37' 0*3 


/ --' 


+ 80 38' 22*8 


+80 38' <4o.Z 




S,n <* 8n f , 
+ 0. 00 7JS -4t,-# ' 


&>s tS <S5 i"* 


m. s. 


m. s. 




^0.9847 SSS ' 


flu ri L 


+ 0. 36/6 /S3 


^O.3S37 70(/ 


yt. ^ 34O9 J ' 3^> 


+ 0. 3343 758 




Altitude of star (h) 


2J /2 00 ' 


^o 43 jo ' 


It 1 


/S 34 2o ^ 


{ tan h (level factor) 




O. 728t> ' 




0. 6>3O " 


nclination 




- 2.3 




- / "2." 


^evel correction 




-0/7" 




-oo"e" 


Circle reading on star 




344 3J SO. 2? 




* 

355 32 5S.3 


Corr. reading on star 




344 37 48. S 




355 3Z So S 


Circle reading on Mark 




OO oo 27-0 




// OO 2O. ^ 


Diff. (Mark minus star) 




/5 28 38.5 




/5 27 30.4 


S" 

Corr Az. of star, from X, t 




/^o 37 24.4 




+30 38 3J.5 




80 00' 00". 


ts^ m oa-e 


80 00' 00*. 


tOO" 9(H 06^ 


Azimuth of P/uxos AZ-tfik. 
(clockwise from south) 




96 06 O2. 9 


o / 


; H 

36 06 O/. 9 


and^MtHPit^/if 1 fro , m , th ? above computation must be applied corrections for diurnal aberration, elevation of mark, 

*Give volnmP , H ^"^ SUt T, and Iuarkl . Carr - v times and an les to tenths of seconds only. 
One % olume and page of record for eccentricity, if any. f Minus, if west of north. 


COMPUTED BY DATE CHECKED BY DATE 



Fig un- 8-7. Computation of azimuth (cant-west method). 
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APPENDIX B 
TABLES 



B-l Factors for star transit reduction (A, B, C) 

B-2 Sidereal gain 

B-3 Mean refraction 

B-4 Temperature correction for refraction 

B-5 Pressure correction for refraction 

B-6 Reduction to the meridian for latitude 

B-7 Value of (2 sin- i/o r/sin 1") 

B-8 Chauvenet's rejection factors 

B-9 Reduction of latitude to sea level 

B-10 Values of (AS) for correction to FK4 

B-ll Values of (A//) for correction to FK4 

B-12 Correction for differential refraction 

B-13 Values of (2 sin 1 i/ 2 r/sin 1") 

B-14 Logarithms of (1/1-a) 

B-15 Curvature correction for Polaris 

B-16 Conversion of Barometric pressure 
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TabU B-l. Factors For Star Transit Reduction ( A, B,C) -Continued 
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Table B-l. Factors For Star Transit Reduction. ( A, B,0; -Continued. 



. o 



* 
I g I 

s I S 

Q 



O ^ 

o 





aoot^com -jjcoNi-iC 


oaoot^-eoo ^ss^jiS! SScoSS SSS3S SS3S5 SSSSS 


5^^^S^S 




o \ 













3g22S 2S88S 


1OOO*H4<00 ^t* t O CO (O Oi W iO 00 O f? cO O> C^ ifi I s - O CO "5 00 O CO "5 00 
CO CO * -*r "* u^tAkOVCP V cO !> r* r. OOOOOOOOOa O>OOOC5 O - I-H -* <-H 


ssss.g 





to 


O 











CO CO OS W CO OlN^OPO'" 
O O O I-H ^-t i I N CM CN W 


SSS35S SSS8S S5gf3{S RSSSSS gSfeSS 8S222 


tisass 


CO 


$ 


d 






>o 





ooOf-i'-i i-HNCNCNc; 


g?cSS3 3Sfe8 SSiSSrt JSggSSS SS8S8 8SS2S 


SS23S3 





10 


o 


*H i-S -H f-< -< 









S8S22 S33S8 


c3Sc53! iJSSSS SSSSff fiRSSg SSSSS SS8SS 


(N-^fcOOO O 
rH p-H r-H t-H C4 





s 


d 


_ rt 









8882S 58S3S8 


cocoto^f^ ^ff^totou) o cocoto f- r^t^r-oooo oowos oa oa o> O o o o 


g^SSS 




8 









55 




SS33S S8S88 


co co co co ^f* -^ >* 5a 5 5 IOCP co colo t^>t^r*t^oo oooooooaOb o* os o oo 


f* Q> i < CO "3 

OO-H.-H.-1 


o 


e 









"5 





88SS2 52S388 


g3 3!5S3g35 teSScSS SSS^R SSS5SS 8SS8S 


3<cpooocM 

O O O fH -H 


o 


10 





"~* *"* 




10 





3883S .S28SS 


o=3?gS SS^^SS S2S388 SSR12?S S3SS5S SSSSS 


SSS2 





s 


o 


^ 


rH ' H -"-"- 1 


s 





00<"2 ,-c2lNCN?l 


tScOCOCOCO ^^^*OW3 U3IOC&COCO COCOI^-l^l^ 1^-00000000 CQOOlG&O) 


sssss 





^ 


O 






"* 


o 

" 


SW3OOOCO COOOr-iJOep 
OO*-4t-H t-l*H(NCNd 


SSc^SS ^5??S SSSSSg SSSSR fcSssSS SggSS 


ssgss 







o 




"- "- 1 - 1 


* 


o 


OOOfHrt r-i-HCNMN 


S^SSiSc? 99998 S?SiSSS SSSKR SSSSS ggggS 


So?SSS 





* 


O 




n-J 1 -J 


5; 


CD 


SSS22 22?Jc3 


Neocoeoco ^\j<xt<^^ iQ4oiooc0 eoSSt---^ r*-r^t^.oooo oSooooSS 


3< coooo 53 
os Cn o> o o 







O 




'-"-' 


S 





0o22 2tNS 


t^OJC^Vh* Ol ( ^f CC 00 < CO >O uO O CleWCOOS^ COOt'-Oat-M CO O t 1 ^ OS I-H 
W C4 CO CO CO CO >* ^ ^ Tf< *O O >O U5 CO CO CO <O CD t^- b t^- (N. t*- OO 00 00 00 00 Ol 


S-ocooo o 
oa O)Oi o 





f 


o 




- 


< 





OOO-HM i-l rl i-l IM IN 


t**O) t~* *#* CO ( CO *O Op OW^ht Oi r^CO^Qt^-OJ WTt*COOOO W"^tOt"Oi 


i-ICOlO t~-00 
OS Oi O3 Oi Q) 













* 


CO 


OOO"-i!-c F-( iStNW 


COOOrHCO^O OOOIN^O^- O>"HCOCOOO ON^CpOQ OC^x^COOO OCN-*t*tOOO 

CMNCOCOCO co^-^-^'* ^io5ioo Sococococo t^c-b*t^F- oooooooooo 


cp -* co *o r^ 







O 






9 


CN 


O O O O *H 1-4 *-H *-* C*J M 


tOOOOCO^O t*CsiM^O OOOCOiLpr^ OJr-(CO'Qb OS-ieo*Ot^- Ol'-HCOiOCO 

NC4COCOCO coeoTfm^ ijto*ofDio lOtDcocoeo eoe^-Kt^-t* i^-oooooooo 


00 PCNCO >O 
OOCSOSCTOT 













** 


-X 


~CNCO^O CO.,000,0 


^H^HI-.^HHH *-ttt*-f^?j INCNCN^N c^c-5 wSo cococococo cococoeo-^* 


55133S 





B-4 



TM 5-442 
Table B-l. Factors For Star Transit Reduction ( A. B,C) -Continued 









\ JL, 


^""^^ 


Ci CO t*- CO *O 
CO CO CO CO CO 


"* CO CN I-H O 

CO CO CO CO W 


aKSiji stiiiaA 


O900t*<DO 


SSS53S *-" * 








? 


fe 






ssssss 


SSSSS SSgpR 


SEggfc 


^ 1 9@ ( -' >M CM CN CO CO CO CO CO -V -V 

r^t^oocooo co oo oo oo cc aooooocooo 


o 






II 
















S 






5 


S 


CN CO CO CO CO 


C?5?SS 


5SS3SS 


SSSSS SSS53 


SgKKS 


S^KiSg fcfcKSSS Sgggfi 









a 
















S 






o. 
o 
<a 


s, 


SfcSSS 


CO CO CO *5 *< 


^n co oo en I-H 


3SS5S gSSSS 


W3 <P I^OOOO 

CD CD CO CD CD 


gf=f2 SRRSS SSSKS 









.y 














M M^_l-<l-l rt ~H-lH 


s 






g 

,<2 


s 


ScSSSg 


cs ^ cox d 


55555! 


O1OCMCO-V *0^-OOOSQ 

rrooOj 10 10 *o 10 to 


SSS3S 


incocisr-r- ooooosoos ooooo 
cocotocoto tococotoco F-KKSS 






JU 


o 














< i-i^i^< ,-, ___, 




o 


w" 

Q 


s 

a 




s 


sssa?5 


en <-H co *9< CD 


00 OS ^H CN ** 


s^sss sssss 


r-coo QCS 

lO *O iO CD CO 


tOcOcOCDCO COCOCDCDCO COCOtOCOt0 


s> 


fc 


55 


(*i 
















3 


M 

EH 


EH 

w 


c 


^ 


I-H r-t CN S CN 


CO OO O <-i CO 


IO CO 00 OS iH 


tNcotocor- OOO-HCNCO 


iO >S 5 iO IO 


ooaoasaio O-^ NM CNCNCNCNCN 

totototoco cOtOtOcOcO cocOtOtOcO 


ft 





Q 


S 
















-> 


i-3 



W 

E- 


! 


2^ 


mtooo OCN 


?Si<5S5Sc? 


CN CO to CO 00 


g$=S- ^Jj^ 


g-< W CO 
>O *O O iO 


SiggiSS iSKSggS SSggg 





14 
f) 


55 


g 
















iO 


CO 


W 
N 


.13 
*i 


S 


CM-* tor- os 


SSSSS 


OS r^ OJ CO to 


8g$3 S^?5S 


t^OQ OS CS O 


^-iCNCNCOCO 'SI'Sl^C'""' lOtfStfSepCp 





A 
< 


Pi 


$ 

c 
















s 



II 


<i 
EH 




OS 


O -H CO 10 1- 


OO O CN M *O 


CNNCNCOCO 


sssss gs^ss 


-t* iO CO CO t*- 


ss?sss? sssss? ggsss 





EH 

t-r 


II 


eq 
















* 


W 
W 


H 
fc 


S 

SI 


00 


S = 23 


2iNS 


CNCMCNtNeN 


SSSSSJS co-SS 00 : 


3S3SS 


^^gij^ gg>S$ 3S333 





P 


S 


h 
















ss 


u 

tf 


P 
o 


MH 


o 


cSSo^S 


22^2S 


tNcStNCNCN 


ooo> tNco -o-tocor-oo 


OiOl O CN 


CN CO CO ^ ^ JO U5 CD CD CO CO CO CD t* r*- 





PH 


MH 

<! 


n 

CD 


* 

















O 
EH 


W 
P 


bo 


CO 


SSooS 


CNfOiOCOOO 


f5S?5S 


SSSSg ^SS?c?S3 


CO h- CO CO OJ 


SS55S!! SSSSSS SSSS? 







00 


& 


V 














* 






a 

JP 


to 


SSSo 


O-i CO *? ?O 


r-oso <CN 

I-H CNCNCN 


SSSSSS 88sSoS3 


SSco-gS 


fo^^gg SS55! 555^5 











-* 














* 






a 





ggsss 


00 OrH tN -*f 


SS228 


N ^P ""? D t- OO oa O -* 
CN CS CM <N CN W CN M CO CO 


-H CN ** 


CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO 








x 


* 




















1 





00 OCX CO IO 
O> OOOO 


gOO O) t-t CN 
O O "H -! 


CO "3 CO t 00 


O i-< <S CO TT O CD r*- 00 QQ 
CN CS N CS N C5 CN CN <N N 


8SSSS 


S?53S55cS SSSSgc? SSSsSSo 













0-H r-, 
























i*~ oo cp cN ro 


ocoo*- 


CM CO ^f O I"- 


22S?3 SSiN'SS 


SSSSc? 


S -<3<38 iSSSSS SS5Sc3S 


& 








1C 


_<-rt 












* 








^\ 


o CD t** OO O> O 


r-iCSCO^*O 

o *o o ^ *o 


(O t*- 00 O) O 
4O O ^Q iO CO 


r-t CN CO ^S* "5 CC r^. 00 OS O 
COCDCDcDcp cOCDcDcOt^ 


^H CN CO ^s* "3 


Sf:?2g SSS8SS SSSggg 





B-5 



Table B-l. Factors For Star Transit Reduction (A,B,C)-Continued 



o \. 


osoor-too ^- M w o c3> oo b- tC I? ? ? 2 
ooSjoooBoo 0000000006 ^t-r^t-r*- t-r-^i-fr- 


SOCt^CCUp * CO W r- ' O 
tC<Ccco coeOtoco<o 


S2?J5SS 


S558SS 


$$$%% 






SS2SS SSSSS S?S33 SSSfrsS 


U?C?>(NCOO J-I--^-iCOC 
oOoOoaOicD GO~~.. 


SSSSi 


s?$s 


4O C CC CC tO 




CO 


















S82S8 S8S38S SSSS5S S8SS2 


eo t- -H -^ oo e>i ic ch co co 


CN CNCNCOOJ 


b-CCO CO C7> 


SS2?SS 




3 


o ' ' ' 















S228 5888S 3S588 SkgSg 


SSSSS 8SSSS 


r-i CNCNCNCO 


c^feS^^ 


gSSSSE 


?r 


CO 













u. 





ggcNgS S3S)con SSS ?": 


c??38 S2 


2csc<S8 


CNicOO ^ 

co co co ^r ^r 


J?gS5gS 


2^ 


to 


o 










CC 





g22- WCNCOCOM "v"Io tcSSKR 


ggggg SSSS2 


5SS8S 


cg5S 


^'^SS?S 


S 


V 


o 














S = S2 SSSSS ^??S?S SSfeSR 


00 r-J 1C GO CN 1C- OC M iTT OO 
1^.0000000} O O5 C O O 


r- 1C 00 tTt- 
*-N r-< I <N CN 


N. ceo u:o> 


^^5SS? 


2. 















CO 





^t^f-4LOO> CNCCOCOr^ i TJ 1 00 CN tO <73f4COC%CO 


r^OQOOOOCft Oi OS w O O 


CCOCCOCN 

,-, ^, r v~ W 


o3 CNMCO n 


O W C OO r I 





CO 


o 















SSS22 SSSS5S S5SSS SS2SK 


r3 1^ oo o? os en S en o o 


00 r TT t- O 


CO CC O5 CN >O 
CN CN CN CO CO 


(-* OCO CC OO 


2 


CO 


o 










CO 





SSCS2 I3SSSS g?SSS? E5SSESS 


^f i>. P-, ^ t^, Orrl"CCO 
t^b.000000 O5CT- OiCO 


C OT O1 1C CO 


CNC^CN CO CO 


ss??^ 





CO 


d * 














Sh^ -H -^ 00 i i iO OO O3 ifi CAC'lCCG^cO CCOICOCCA 
O i-' f i' N CS C3 CO CO CO f rt* rf lO iCiQcOcOcO 


cococsicgcD S N iG = 
t^h^r^oooo oo oi o o~f o 


1C 00 -^ CO 

00 ,- r-- 


r^CN M cScO 


CC CO Ol ^^ ** 








O 


" 






t r-i M r-. r- < 


is 




8fe22:; sSSSc^ ^S55S3 SSSSS 


(NiOQOt-HUJ 9Q*~ l " w ' t '*'S 

r~- h- 1*- oo oo oo oi o 01 o 


Sgg^S 


2S8S8 


' -f CC O3 fi 






CD ' 












2* 


SfeSSS SSSSct 8SSSS SSSSS 


PSPSS sssgg 


5S&22 


SSSSS 


Sc^Sc^S 





a 


C5 ' ' 










"- 




S^-O-^t* p **" !>. O -^ t-- O TT r^ O -^f^cpccto 
Or^f-Sf-H CNCNCNCCcC CO^T^^ftO ITDir^cpcOcO 


SSJ5SS SSSSS 


SSgg = 


1- C CN O 
^i CN CN CN 


r-s. c; CN c t-, 

CN CO CO CO CO 


o 





O 










5 


^ 


gfe225 8?3S5c??? SSS^S SSSSS 


OSCNiOOO^H S^ 000 ^ 


gi ^ I s - O 
ooo ~* 


2222CN 


cp oo oco *o 
?5cNcococo 



















op 


SS22S 8SSSS J^5!^? SSSiSS 


QOM-^Pts.^ COCDCJi *" 

c^r-r^r'-oo co oo fX o^ cb 


sssss 


= ^22?J 


c^SRSc^ 

















' 





88222 2S888 J^75? SSfeSS 


^OQSCNiOOO OcOcPOiCN 

e5 co i^- o. t- oOocoooocT) 


gssss 


OOO05 1O 00 


sssss 


o 














to 


x*- 


Q f-iCNcO 1 t iO 5ObOTO3O HWCO^HiO CO^OOOO 


CN O) CN CN CN W CS CN CN fO 


M cccoeo 


COCCP5CO TT 


^555^ 





B-6 



TM 5-< 



Table 'B--1. Factors For Star Transit Reduction ( A, B.C) -Continued 
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TOP ARGUMENT = STAR'S DECLINATION. S 
SIDE ARQUMENT= STAR'S ZENITH DISTANCE, f 


|For factor A use left-hand argument. For factor B use right-hand argument. Factor C Is on line opposite f =90] 
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Table B-I. Factors Fnr Star Transit Reduction ( A, B,C) -Continued 
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Table B-l. Factors F or star Transit Reduction ( A, B,C) -Continued 
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Table B-2. Sidereal Gain 

[To be added to mean time interval] 
1 mean time second =1.00273791 sidereal seconds 



\ minutes 












\ 





1 


2 


3 


4 


seconds NV 















0.000 


0.164- 


0.329 


0.493 


0.657 


1 


.003 


.167 


.331 


.496 


.660 


2 


.005- 


.170 


.334 


.498 


.663 


3 


.008 


.172 


.337 


.501 


.665 


4 


.011 


.176 


.340 


.604 


.668 


5 


0.014 


0.178 


0.342 


0.507 


0.671 


6 


.016 


.181 


.345 


.509 


.674 


7 


.019 


.183 


.348 


.512 


.678 


8 


'.022 


.186 


.350 


.515 


.679 


9 


.025 


.189 


.353 


.517 


.682 


10 


0.027 


0.192 


0.356 


0.520 


0.684 


11 


.030 


.194 


.359 


.523 


.687 


12 


.033 


.197 


.361 


.526 


.690 


13 


.036 


.200 


.364 


.528 


.693 


14 


.038 


.293 


.367 


.531 


.695 


15 


0.041 


0.205 


0.370 


0.534 


0.698 


16 


.044 


.208 


.372 


.637 


.701 


17 


.047 


.211 


.375 


.539 


.704 


18 


.049 


.214 


.378 


'.542 


.706 


19 


.052 


.216 


.381 


.545 


.709 


20 


0.055 


0.219 


0.383 


0.648 


0.712 


21 


.057 


.222 


.386 


.650 


.715 


22 


.060 


.225 


.389 


.653 


.717 


23 


.063 


.227 


.392 


.556 


.720 


24 


.066 


.230 


.394 


.669 


.723 


25 


0.068 


0.233 


0.397 


a 661 


0.726 


26 


.071 


.235 


.400 


.564 


.728 


27 


.074 


.238 


.402 


.567 


.731 


28 


.077 


.241 


.406 


.669 


.734 


29 


.079 


.244 


.408 


.572 


.736 


30 


0.082 


tt 246 


0.411 


a 575 


0.739 


31 


.086 


.249 


.413 


.578 


.742 


32 


.088 


.252 


.416 


,580 


.745 


33 


.090 


.255 


.419 


.583 


.747 


34 


.093 


.267 


.422 


.586 


.760 


35 


0.096 


0.260 


0.424 


0.589 


0.753 


36 


.099 


.263 


.427 


.591 


.766 


37 


.101 


.266 


.430 


.594 


.758 


38 


.104 


.268 


.433 


.597 


.761 


36 


.107 


.271 


.435 


.600 


.764 


40 


0.110 


0.274 


0.438 


0.602 


0.767 


41 


.112 


.277 


.441 


.606 


.769 


42 


.115 


.279 


.444 


.608 


.772 


43 


.118 


.282 


.446 


.611 


.775 


44 


.120 


.285 


.449 


.613 


.778 


46 


0.123 


0.287 


0.452 


0.616 


a 780 


46 


.126 


.290 


.454 


.619 


.783 


47 


.129 


.293 


.457 


.622 


.786 


48 


.131 


.296 


.460 


.624 


.789 


49 


.134 


.298 


.463 


.627 


.791 


60 


0.137 


0.301 


0.465 


0.630 


0.794 


61 


.140 


.304 


.468 


.632 


.797 


62 


.142 


.307 


.471 


.636 


.799 


63 


.145 


.309 


.474 


.638 


.802 


54 


.148 


.312 


.476 


.641 


.806 


65 


0.151 


0.316 


0.479 


0.643 


0.808 


66 


.153 


.318 


.482 


.646 


.810 


67 


.156 


.320 


.485 


.649 


.813 


58 


.159 


.323 


.487 


.652 


.816 


69 


.162 


.326 


.490 


.664 


.819 


60 


0.164 


0.329 


0.493 


0.667 


0.821 



For reducing a series of scaled radio breaks to mean epoch; before mean epoch, add; after mean epoch, subtract. 
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Table B-3. Mean Refraction, r_. 
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Table B-3. Mean Refraction, r Continued 





c 


0' 


1' 


2 


3' 


U 1 


5' 


6' 


7' 


8' 


9' 
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yi9 


'.'21 


'.'22 


'.'2U 


'.'26 


'.'28 


'.'29 


'.31 


5J33 


10 


9.35 


.36 


.38 


.Uo 


.Ul 


.U3 


.U5 


.1*7 


.U8 


.50 


20 


9.52 


5U 


.55 


.57 


.59 


.60 


.62 


.6U 


.66 


.67 


30 
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.71 


.73 


.7U 
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.78 


.80 


.81 


.83 
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ho 
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.95 
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9.99 
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9 50 
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.0 00 
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10 
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.U9 


.51 
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.5U 


20 
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.72 
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ho 
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30 


11.78 
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.8U 
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Uo 
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.98 
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.03 
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12.13 
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.51 
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.69 


7 00 


17.70 


.72 


.7U 


.76 


.78 


.80 


.82 


.83 


.85 


.87 


10 


17.89 


.91 


.93 


.9U 


.96 


17.98 
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Table B-3. Mean Refraction, r_ Continued 
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21 50 


23-20 


.22 


.2U 


.26 


.28 


.30 
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.U9 
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.70 
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10 
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.82 
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.88 


.90 


.92 


.9U 
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20 


2U.98 


25.00 


.02 


.oU 
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.08 


.10 


.12 


.1U 


.16 
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30 

Uo 
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25.18 
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.Uo 

.60 
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.2U 

.UU 
.6U 


.26 
.U6 
.66 


.28 
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.30 
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.70 


.32 
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.56 
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UO 
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.65 
.86 
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.U7 
.67 
.88 


.29 

.U9 
.69 
.90 
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.51 
.71 
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.33 
.53 
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.9U 


.35 
.55 
.75 
.96 


.37 
.57 
.7 r 
26.91 


25 00 
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30 

Uo 
25 50 
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27.20 
27. Ul 
27.62 
27.82 
28.03 


.02 
.23 

.U3 
.6U 
.8U 
.05 


.OU 
.25 

.U5 
.66 

.87 
.07 


.06 

.27 
.U7 
.68 
.89 
.09 


.08 
.29 
.U9 
.70 
.91 
.11 


.10 
.31 
.51 
.72 
.93 
.1U 


.12 
.33 
.53 
.7U 
.95 
.16 


.1U 
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.56 
.76 
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.35 
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.7U 
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Table B-3. Mean Refraction, r Continued 
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6' 


7' 
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.78 
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.95 
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30.01 


.03 
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.08 


.10 
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31.00 
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.13 
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.1*6 
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.52 


.51* 


.57 


.59 


.61 


.63 
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31.65 


.68 


.70 


.72 


.71* 


.76 


.78 


.81 


.83 


.85 


28 50 


31.87 


.89 


.92 


.91* 


.96 


31.98 


32.00 


.03 


.05 


.07 
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32.09 
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.11* 
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.18 


.20 


.22 
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.27 


.29 


10 
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.33 


.36 


.38 
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.1*2 


.1*1* 


.1*7 


.1*9 


.51 


20 


32.53 


.56 


.58 


.60 


.62 


.61* 
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.69 


.71 


.73 


30 
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.78 


.80 


.82 


.81* 


.87 


.89 


.91 


.93 


.96 
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33.00 


.02 
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.07 


.09 
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.13 


.16 


.18 
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.27 


.29 


.31 
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.38 


.1*0 
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33.1*2 


.1*5 


.1*7 


.1*9 


.51 


.51* 


.56 


.58 


.60 


.63 


10 


33.61* 


.67 


.69 


.72 
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.76 
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20 


33.87 


.90 
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.91* 
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3l*.01 


.03 
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30 
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.21* 


.26 
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.60 


.1*0 
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.67 
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.72 
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35.01 
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.08 
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.13 
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.95 

.18 
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.22 


20 
30 


35.21* 
35.1*8 


.27 

.50 


.29 

.52 


.31 

.51* 


.31* 
.57 


.36 

.59 


.38 
.61 


.1*1 
.61* 


.1*3 
.66 


.1*5 
.68 


1*0 
31 50 


35.71 
35.91* 


.73 
.96 


.75 
35.99 


.78 
36.01 


.80 
.03 


.82 
.06 


.85 
.08 
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.10 
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.13 


.92 

.15 
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10 
20 


36.17 
36.1*1 
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.1*3 
.67 
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.1*5 
.69 


.21* 

.1*8 
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.50 
.71* 


.29 
.53 
.76 


.31 
.55 
.78 


.31* 
.57 
.81 


.36 
.60 
.83 


.38 
.62 
.86 


30 
1*0 
32 50 


36.88 
37.12 
37.35 


.90 

111 

.38 


.93 

.16 
.1*0 


.95 
.19 
.1*3 


36.97 
.21 

.1*5 


37.00 
.23 

.1*7 


.02 
.26 
.50 


.01* 
.28 
.52 


w_ / 

.07 
.31 
.51* 


.09 
.33 
.57 


33 00 
10 
20 
30 
1*0 
33 50 


37.59 
37.83 
38.07 
38.31 
38.56 
38.80 


.62 

.86 
.10 
.31* 
.58 
.82 


.61* 
.88 
.12 
.36 
.61 
.85 


.66 
.90 
.15 
.39 
.63 
.87 


.69 
.93 
.17 
.1*1 
.65 
.90 


.71 
.95 
.19 
.1*1* 
.68 
.92 


.71* 
37.98 
.22 
.1*6 
.70 
.95 


.76 
38.00 
.21* 
.1*8 
.73 
38.97 


.78 
.02 
.27 
.51 
.75 
39.00 


.81 
.05 
.29 
.53 
.78 
.02 


31* 00 
10 
20 
30 
1*0 
31* 50 


39. OU 
39.29 
39.51* 
39.78 
1*0.03 
1*0.28 


.07 
.31 
.56 
.81 
.06 
30 


.09 
.31* 
.58 
.83 
.08 
.33 


.12 
36 
.61 
.86 
.11 
35. 


.11* 
.39 
.63 
.88 
.13 
.38 


.17 
.1*1 
.66 
.91 
.16 
.1*0 


.19 
.1*1* 
.68 
.93 
.18 
.1*3 


.22 
.1*6 
.71 
.96 
.21 
.1*5 


.21* 
.1*9 
.73 
39.98 
.23 
.1*8 


.26 
.51 
.76 
1*0.01 
.25 

.50 


35 00 
10 
20 
30 
1*0 

35 50 


1*0.53 
1*0.78 
1*1.03 
1*1.29 
1*1.51* 
1*1.80 


.56 
.81 
.06 
.31 
.57 
.82 


.58 
.83 
.08 
.31* 
.59 
.85 


.61 
.86 
.11 
.36 
.62 
.87 


.63 
.88 
.13 
.39 
.61* 
.90 


.66 
.91 
.16 
.1*1 
.67 
.92 


.68 
.93 
.19 
.1*1* 
.69 
.95 


.71 
.96 
.21 
.1*6 
.72 
1*1.98 


.73 
1*0.98 
.21* 
.1*9 
.71* 
1*2.00 


.76 
1*1.01 
.26 
.52 
.77 
.03 


3600' 


1*2 '.'05 
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Table B-3. Mean Refraction, r m Continued 
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'.'5 
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3U 
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.U9 
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.59 
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.65 
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.70 
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.75 


.78 


.? 


30 
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.85 


.88 


.91 


.93 


.96 
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.OU 


.c 
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1U 
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.19 
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.25 


.27 
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36 50 
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.51 


.53 
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37 00 
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6U 


.67 


.69 


.72 


.75 


.77 


.80 


.83 


. 


10 


U3.88 


.90 


.93 


.96 


U3.98 


UU.oi 


.OU 


.06 


.09 


.] 


20 


UU.1U 


.17 


.20 


.22 


.25 


.28 


.30 


.33 


.36 




30 


UU.Ul 


.UU 


.U6 


.U9 


.52 


.5U 


.57 


.60 


.62 


\l 


Uo 
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.70 


.73 


.76 


.79 


.81 


.8U 


.87 


.89 


.5 


37 50 


UU.95 


UU.97 


U5.oo 


.03 


.05 


.08 


.11 


1U 


.16 


.3 


38 00 


U5.22 
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.27 


.30 
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Table B-fr 


, Temperature Correction For Refr 


action. CT 


Tempei&tuie 


Cr 


Temperature 


Cr 


Temperature 


C r 


Temperature 


C T 


Temperature 


C T 


Fahren- 
heit 


Centi- 
grade 


abren- 
heit 


Centi- 
grade 


ahren- 
beit 


Centi- 
grade 


abren- 
heit 


Centi- 
grade 


Fahren- 

heit 


Centi- 
grade 


e 
-25 
-24 
-23 




-31.7 
-81.1 
-30.6 


1.172 
1.169 
1.166 




8 
9 
10 




-13.3 
-12.8 
-12.2 


1.089 
1.087 
1.085 


e 
41 
42 
43 


o 

5.0 
5.6 
6.1 


1.018 
1.016 
1.014 


o 
74 
75 
76 




23.3 
23.9 
24.4 


0.965 
0.953 
0.952 




107 
108 
109 


o 

41.7 
42.2 
42.8 


0.900 
0.899 
0.897 


-22 
-21 
-20 


-30.0 
-29.4 
-28.9 


1.164 
1.161 
1.158 


11 
12 
13 


-11.7 
-11.1 
-10.6 


1.082 
1.080 
1.078 


44 

45 

46 


6.7 

7.2 
7.8 


1.012 
1.010 
1.008 


77 
78 
79 


25.0 
25.6 

26.1 


0.950 
0.948 
0.946 


110 
111 
112 


43.3 
43.9 
44.4 


0.895 
0.894 
0.892 


-19 
-18 
-17 


-28.3 
-27.8 
-27.2 


1.156 
1.153 
1.151 


14 

16 
16 


-10.0 
- 9.4 
- 8.9 


1.076 
1.073 
1.071 


47 
48 
49 


8.3 
8.9 
9.4 


1.006 
1.004 
1.002 


80 
81 
82 


26.7 
27.2 
27.8 


0.945 
0.943 
0.941 


113 
114 
115 


45.0 
45.6 
46.1 


0.891 
0.890 
0.888 


-16 
-15 
-14 


-26.7 
-26.1 
-25.6 


1.148 
1.145 
1.143 


17 
18 

19 


- 8.3 
- 7.8 
- 7.2 


1.069 
1.067 
1.064 


50 
51 
52 


10.0 
10.6 
11.1 


1.000 
0.998 
0.996 


' 83 
84 
86 


28.3 
28.9 
29.4 


0.939 
0.938 
0.936 


116 
117 
118 


46.7 
47.2 
47.8 


0.886 
0.885 
0.884 


-13 
-12 
-11 


-25.0 
-24.4 
-23.9 


1.140 
1.138 
1.135 


20 
21 
22 


- 6.7 
- 6.1 
- 5.6 


1.062 
1.060 
1.058 


53 
54 

66 


11.7 
12.2 
12.8 


O.W4 
0.992 
0.990 


86 
87 
88 


30.0 
30.6 
31.1 


0.934 
0.933 
0.931 


119 
120 
121 


48.3 
48.9 
' 49.4 


0.882 
0.881 
0.880 


-10 

c 




-23.3 
-22.8 
-22.2 


1.133 
1.130 
1.128 


23 
24 

25 


- 5.0 
- 4.4 
- 3.9 


1.056 
1.654 
1.051 


56 
57 
58 


13.3 
13.9 
14.4 


0.988 
0.986 
0.985 


89 
90 
91 


31.7 
32.2 
32.8 


0.929 
928 
0.926 


122 
123 
124 


50.0 
50.6 
51.1 


0.878 
0.877 
0.876 


7 
* 
- 5 


-21.7 
-21.1 
-20.6 


1.125 
1.123 
1.120 


26 
27 
28 


- 3.3 
- 2.8 
- 2.2 


1.049 
1.047 
1.045 


60 
60 

61 


15.0 
15.6 
16.1 


0.983 
0.981 
0.979 


92 
93 
94 


33.3 
33.9 
34.4 


0.924 
0.923 
0.921 


125 
126 
127 


51.7 
52.2 
52.8 


0.874 
0.873 
0.871 


- 4 

- i 


-20.0 
-19.4 
-18.8 


1.118 
1.115 
1.113 


29 
30 
31 


- 1.7 
- 1.1 
- 0.6 


1.043 
1.041 
1.039 


62 
63 
64 


16.7 
17.2 
17.8 


0.977 
0.975 
0.973 


96 
96 
97 


35.0 
35.6 
36.1 


0.919 
0.917 
0.916 


128 
129 
130 


53.3 
53.9 
54.4 


0.870 
0.868 
0.867 


_ ] 


+ 1 


-18.3 
-17.8 
-17.2 


1.111 
1.108 
1.106 


32 
33 
34 


0.0 

+ i! 


1.036 
1.034 
1.032 


65 
66 
67 


18.3 
18.9 
19.4 


0.972 
0.970 
0.968 


98 
90 
100 


36.7 
37.2 
37.8 


0.914 
0.912 
0.911 








1 


-18.7 
-16.1 
-15.6 


1.103 
1.101 
1.099 


36 
36 
37 


1.7 
2.2 

2.8 


1.030 
1.028 
1.026 


68 
69 
70 


20.0 
20.6 
21.1 


0.966 
0.964 
0.962 


101 
102 
103 


38.3 
38.9 
30.4 


0.909 
0.908 
0.906 








6 
( 


-15.0 
-14.4 
-13.9 


1.096 
1.094 
1.092 


38 
39 
40 


3.3 
3.9 
4.4 


1.024 
1.022 
1.020 


71 
72 
73 


21.7 
22.2 
22.8 


0.961 
0.959 
0.957 


104 
105 
106 


40.0 
40.6 
41.1 


0.905 
0.903 
0.902 









Table B-5 Pressure Correction For Refraction, C fl 


Barometer 


Cj, 


Barometer 


c s 


Barometer 


C e 


Barometer 


C a 


Barometer 


C B 


Inches 
20.0 
20.1 
20.2 


mm 
508 
611 
513 


0.670 
0.673 
0.676 


Inches 
22.4 
22.6 
22.6 


mm 
569 
572 

574 


0.749 
0.752 
0.755 


Inches 
24.8 
24.9 
26.0 


771171 

630 
632 
635 


0.829 
0.832 
0.835 


Inches 
27.2 
27.3 
27.4 


mm 
691 
693 
696 


0.909 
0.912 
0.916 


Inches 
29.6 
29.7 
29.8 


mm 
752 
764 
757 


0.989 
0.992 
0.996 


20.3 
20.4 
20.6 


616 
518 
521 


0.679 
0.682 
0.685 


22.7 
22.8 
22.9 


576 
679 
582 


0.759 
0.762 
0.766 


25.1 
25.2 
25.3 


637 
640 
643 


0.838 
0.842 
0.846 


27.6 
27.6 
27.7 


699 
701 
704 


0.920 
0.923 
0.926 


29.9 
30.0 
30.1 


759 
762 
V65 


0.999 
1.003 
1.007 


20.6 
20.7 
20.8 


623 
526 
528 


0.688 
0.692 
0.696 


23.0 
23.1 
23.2 


684 
687 
689 


0.770 
0.773 
0.776 


25.4 
25.6 
25.0 


645 
648 
650 


0.849 
0.863 
0.856 


27.8 
27.9 
28.0 


706 
709 

711 


0.929 
0.933 
0.936 


30.2 
30.3 
30.4 


767 
770 
772 


1.010 
1.013 
1.016 


20.9 
21.0 
21.1 


631 
533 
636 


0.699 
0.703 
0.706 


23.3 
23.4 
23.5 


592 
694 
597 


a 779 
0.783 
0.786 


25.7 
25.8 
25.0 


653 
655 
668 


0.859 
0.862 
0.866 


28.1 
28.2 
28.3 


714 
716 
719 


0.939 
0.942 
0.946 


30.5 
30.6 
30.7 


775 
777 
780 


1.020 
1.023 
1.026 


21.2 
21.3 
21.4 


538 
541 
544 


0.709 
0.712 
0.716 


23.6 
23.7 
23.8 


599 
602 
605 


0.789 
0.792 
0.796 


26.0 
26.1 
26.2 


660 
663 
665 


0.869 
0.872 
0.875 


28.4 
28.5 
28.6 


721 
724 
726 


0.949 
0.953 
0.956 


30.8 
30.9 
31.0 


782 
785 
787 


1.029 
1.033 
1.036 


21.6 
21.6 
21.7 


546 
549 

651 


0.719 
0.722 
0.726 


23.9 
24.0 
24.1 


607 
610 
612 


0.799 
0.803 
0.806 


26.3 
26.4 

26.5 


668 
671 
673 


0.879 
0.882 
0.885 


28.7 
28. 8 
28.9 


729 
732 
734 


0.959 
0.963 
0.966 








21.8 
21.9 
22.0 


554 
556 
559 


0.729 
0.732 
0.735 


24.2 
24.3 
24.4 


615 
617 
620 


0.809 
0.813 
0.816 


26.6 
26.7 
26.8 


676 
678 
681 


0.889 
0.892 
0.896 


20.0 
29.1 
29.2 


737 
739 
742 


0.970 
0.973 
0.976 








22.1 
22.2 
22.3 


561 
664 
666 


0.739 
0.742 
0.746 


24.5 
24.6 
24.7 


622 
625 
627 


0.820 
0.823 
0.826 


26.9 
27.0 
27.1 


683 
686 
688 


0.899 
0.902 
0.905 


20.3 
29.4 
29.5 


744 
747 
749 


0.979 
0.983 
0.'986 
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Tab-La B-6. Reduction To The Meridian For Latitude, m 



Top argument is the stars meridian distance 
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36- 


38- 
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.01 


.02 


.02 


.02 


.02 


.02 


.02 


.03 


.03 
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.09 


.10 


.11 
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.13 


.14 


.15 


81 


10 












.01 
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.06 


.07 


.07 


.08 
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80 
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76 
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.06 


.00 
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.18 
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74 


18 
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20 
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70 
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.01 
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.06 
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.14 
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.34 


68 


24 






.01 


.01 


.01 
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.04 


.05 


.06 


.07 


.08 
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.12 


\13 


.16 
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.34 


.36 


66 


26 
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.01 


.02 


.04 


.05 


.06 
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.08 
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.11 


.12 


.14 


.16 


.11 


.19 


.21 


.23 


.25 


.27 


.29 


.31 


.34 


.36 


.30 


64 


28 




.01 


.01 


.01 


.01 


.03 


.05 


.05 


.07 


.08 


.09 


.10 


.12 


.13 


.15 


.16 


.18 


.20 


.22 


.24 


.26 


.28 


.31 


.33 


.35 


.38 


.41 


62 


30 




.01 


.01 


.01 


.01 


.03 


.05 


.06 


.07 


.08 


.09 


.11 


.12 


.14 


.15 


:i7 


.19 


.21 


.23 


.25 


.27 


.30 


.32 


.34 


.37 


.40 


.42 


60 


32 




.01 


.01 


.01 


.01 


.03 


.05 


.06 


.07 


.08 


.10 


.11 


.13 


.14 


.16 


.18 


.20 


.22 


.24 


.26 


.28 


.31 


.33 


.36 


.30 


.41 


.44 


68 


34 




.01 


.01 


.01 


.01 


.03 


.05 


.06 


.07 


.09 


.10 


.11 


.13 


.15 


.16 


.18 


.20 


.22 


.24 


.27 


.26 


.32 


.34 


.37 


.40 


.42 


.45 


56 


36 




.01 


.01 


.01 


.01 


.03 


.05 


.06 


.07 


.09 


.10 


.12 


.13 


.15 


.17 


.19 


.21 


.23 


.25 


.28 


.30 


.32 


.35 


.38 


.41 


.44 


.47 


64 


38 


.01 


.01 


.01 


.01 


.01 


.03 


.05 


.06 


.08 


.09 


.10 


.12 


.13 


.15 


.17 


.19 


.21 


.23 


.26 


.28 


.30 


.33 


.36 


.39 


.41 


.44 


.48 


52 


40 


.01 


.01 


.01 


.01 


.01 


.03 


.05 


.07 


.08 


.09 


.11 


.12 


.14 


.16 


.17 


.19 


.21 


.24 


.26 


.28 


.31 


.34 


.36 


.39 


.42 


.45 


.48 


60 


45 


.01 


.01 


.01 


.01 


.01 


.03 


.05 


.07 


.08 


.09 


.11 


.12 


.14 


.16 


.18 


.20 


.22 


.24 


.26 


.29 


.31 


.34 


.37 


.40 


.43 


.46 


.49 


45 



For Sterneck Method; The observed zenith distance is decreased nu- 
merically if the star is near upper transit between the obser- 
vers zenith and the elevated pole, or, if the star is on the 
opposite side of the celestial equator. The observed zenith 
distance is increased numerically if the star is near upper 
transit between the observers zenith and the celestial equator, 
or, if the star is near lower transit. The tabular value from 
the table must be multiplied by 2 for the total correction to 
be applied to the observed zenith distance. 

For Horrebow-Talcott Method; The algebraic sign of the correction 

has the same sign as the stars declination. The tabulated value 
is m/2, therefore the meridian correction to a pair of stars is 
the sum of the values from this table. 
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Table B-7. Values Of 



T 


0" 


1- 


2- 


3- 


4- 


5- 


6- 


7- 


8- 




it 


ii 


it 


n 


ii 


ii 


// 


ii 


// 


S 


"Q 


1.96 


7.85 


17.67 


31.42 


40.00 


70.68 


06.20 


125. 65 


1 


o 


2.03 


7.98 


17.87 


31.68 


49.41 


71.07 


96.66 


126. 17 


2 


o 


2.10 


8.12 


18.07 


31.94 


49.74 


71.47 


97.12 


126.70 


3 


o 


2.16 


8.25 


18.27 


32.20 


50.07 


71.86 


07.58 


127.22 


4 


.01 


2.23 


8.39 


18. 4,7 


32.47 


50.40 


72.26 


98.04 


127.75 


5 


.01 


2.31 


8.52 


18.67 


32.74 


50.73 


72.66 


98.50 


128.28 


g 


.02 


2.38 


8.66 


18.87 


33.01 


51.07 


73.06 


98.97 


128.81 


7 


.02 


2.45 


8.80 


19.07 


33.27 


51.40 


73.46 


09.43 


129.34 


g 


.03 


2.52 


8.94 


19.28 


33.54 


51.74 


73.86 


99.90 


129.87 


9 


.04 


2.60 


9.08 


19.48 


33.81 


62.07 


74.26 


100.37 


130. 40 


10 


.05 


2.67 


9.22 


19.69 


34.00 


52.41 


74.66 


100.84 


130.94 


11 


.06 


2.75 


9.36 


19.90 


34.36 


52.75 


75.06 


101.31 


131. 47 


12 


.08 


2.8S 


9.50 


20.11 


34.64 


53.09 


75.47 


101. 78 


132. 01 


13 


09 


2.91 


9.64 


20.32 


34.91 


53.43 


75.88 


102. 25 


132. 55 


14 


.11 


2.90 


9.79 


20.53 


35.10 


53.77 


76.20 


102. 72 


133.09 


15 


.12 


3.07 


9.94 


20.74 


35.46 


54.11 


76.60 


103.20 


133.63 


16 


.14 


3.15 


10.09 


20.95 


35.74 


54.46 


77.10 


103.67 


134.17 


17 


.16 


3.23 


10.24 


21.16 


36.09 


54.80 


77.51 


104.15 


134. 71 


18 


.18 


3.32 


10.39 


21.38 


36.30 


55.15 


77.93 


104.63 


135. 25 


19 


.20 


3.40 


10.54 


21.60 


36.58 


65.50 


78.34 


105. 10 


135.80 


20 


.22 


3.49 


10.69 


21.82 


36.87 


55.84 


78.75 


105.58 


136.34 


21 


.24 


3.58 


10.84 


22.03 


37.15 


56.10 


79.16 


106.06 


136.88 


22 


.26 


3.67 


11.00 


22.25 


37.44 


56.55 


79.58 


106. 55 


137. 43 


23 


.28 


3.76 


11.15 


22.47 


37.72 


56.90 


80.00 


107.03 


137. 98 


24 


.31 


3.85 


11.31 


22.70 


38.01 


57.25 


80.42 


107. 51 


138.63 


25 


.34 


3.04 


11.47 


22.92 


38.30 


57.60 


80.84 


107.60 


139.08 


26 


.37 


4.03 


11.63 


23.14 


38.60 


57.06 


81.26 


108. 48 


139.63 


27 


.40 


4.12 


11.79 


23.37 


38.88 


58.32 


81.68 


108. 97 


140. 18 


28 


.43 


4.22 


11.05 


23.60 


30.17 


58.68 


82.10 


109. 46 


140. 74 


29 


.46 


4.32 


12.11 


23,82 


30.46 


60.03 


82. 62 


109.95 


141.29 


30 


.49 


4.42 


1127 


24.05 


39.76 


50.40 


82.95 


110.44 


141. 86 


31 


.52 


4.52 


12.43 


24.28 


40.05 


50.75 


83.38 


110.93 


142. 40 


32 


.56 


4.62 


12.60 


24.51 


40.35 


60.11 


83.81 


111.43 


142. 96 


33 


.59 


4.72 


12.76 


24.74 


40.65 


60.47 


84.23 


111.92 


143. 52 


34 


.63 


4.82 


12.93 


24.98 


40.95 


60.84 


84.66 


112. 41 


144.08 


35 


.67 


4.92 


13.10 


25.21 


41.25 


61.20 


85.00 


112.90 


144.64 


36 


.71 


fi.03 


13.27 


25.45 


41.55 


61.57 


85.52 


113. 40 


145.20 


37 


.75 


5.13 


13.44 


25.68 


41.85 


61.04 


85.95 


113.90 


145. 76 


38 


.79 


5.24 


13.62 


25.92 


42.15 


62.31 


86.30 


114. 40 


146.33 


39 


.83 


5.34 


13.79 


26.16 


42.45 


62.68 


86.82 


114.00 


146. 80 


40 


.87 


5.45 


13.96 


26.40 


42.78 


63.05 


87.26 


115. 40 


147. 46 


41 


.91 


5.56 


14.13 


26.64 


43.06 


63.42 


87.70 


115.90 


148. 03 


42 


0.96 


6.67 


14.31 


26.88 


43.37 


63.79 


88.14 


116.40 


148.60 


43 


1.01 


5.78 


14.40 


27.12 


43.68 


64.16 


88.67 


116.90 


149. 17 


44 


1.06 


6.90 


14.67 


27.37 


43.90 


64.54 


80.01 


117.41 


149. 74 


45 


1.10 


6.01 


14.85 


27.61 


44.30 


64.01 


89.45 


117. 92 


150.31 


46 


1.15 


6.13 


15.03 


27.86 


44.61 


66.20 


80.80 


118. 43 


150.88 


47 


1.20 


6.24 


16.21 


28.10 


44.02 


66.67 


00.33 


118.94 


151.45 


48 


1.26 


6.36 


15.30 


28.35 


45.24 


66.05 


90.78 


119. 45 


152.03 


49 


1.31 


6.48 


15.57 


28.60 


45.55 


66.43 


01.23 


119.96 


152. 61 


50 


1.36 


6.60 


15.76 


28.85 


45.87 


66.81 


01.68 


120.47 


153.19 


61 


1.42 


6.72 


16.95 


29.10 


46.18 


67.10 


92.12 


120.98 


153.77 


52 


1.48 


6.84 


16.14 


29.36 


46.50 


67.58 


92.67 


121. 49 


154.35 


53 


1.53 


6.96 


16.32 


29.61 


46.82 


67.06 


03.02 


122.01 


154.03 


54 


1.69 


7.09 


16.51 


29.86 


47.14 


68.35 


93.47 


122.53 


155.51 


56 


1.65 


7.21 


16.70 


30.12 


47.46 


68.73 


93.02 


123.05 


156.00 


56 


1.71 


7.34 


16.80 


30.38 


47.79 


60.12 


94.38 


123.57 


156.67 


57 


1.77 


7.46 


17.08 


30.64 


48.11 


60.51 


94.83 


124.09 


157.25 


58 


1.83 


7.60 


17.28 


30.00 


48.43 


60.00 


05.20 


124.61 


157.84 


50 


1.86 


7.72 


17.47 


31.16 


48.76 


70.29 


95.74 


125.13 


168.43 



B-26 



TM 5-442 



Table B-8. Chauvenet f s Rejection Factors 



Based on Table IX. A for e(pt') (Chauvenet's, Practical Astronomy, 

Vol. II) and e(pt') = 2n-l 

In 



n 


t 


n 


t 


6 


2.57 


13 


3.07 


7 


2.67 


14 


3.11 


8 


2.76 


15 


3.15 


9 


2.84 


16 


3.19 


10 


2.91 


17 


3.23 


11 


2.97 


18 


3.26 


12 


3.02 


19 


3.29 






20 


3.32 



When n > 20, use t =3.5 
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^"w^^ * 


6 


10 


15 


20 


25 


30 


35 


40 




ft ^\^ 


86 


80 


76 


70 


65 


60 


55 


50 


45 


Feet 


Meters 


n 


// 


a 


/, 








n 


// 


n 


100 


30 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.01 


0.01 


200 


61 


.00 


.00 


.01 


.01 


.01 


.01 


.01 


.01 


.01 


300 


91 


.00 


.01 


.01 


.01 


.01 


.01 


.01 


. .02 


.02 


400 


122 


.00 


.01 


.01 


.01 


.02 


.02 


.02 


.02 


.02 


00 


162 


.00 


.01 


.01 


.02 


.02 


.02 


.02 


.03 


.03 


600 


183 


.01 


.01 


.02 


.02 


.02 


.03 


.03 


.03 


.03 


700 


213 


.01 


.01 


.02 


.02 


.03 


.03 


.03 


.04 


.04 


800 


244 


-01 


.01 


.02 


.03 


.03 


.04 


.04 


.04 


.04 


900 


274 


.01 


.02 


.02 


.03 


_J>4 


.04 


- .04 


.05 


.06 


1000 


305 


.01 


.02 


.03 


.03 


"704 


.06 


.05 


.05 


.06 


1100 


335 


.01 


.02 


.03 


.04 


.04 


.05 


.05 


.06 


.06 


1200 


366 


.01 


.02 


.03 


.04 


.05 


.05 


.06 


.06 


.06 


1300 


306 


.01 


.02 


.03 


.04 


.05 


.06 


.06 


.07 


.07 


1400 


427 


.01 


.02 


.04 


.05 


.06 


.06 


.07 


.07 


.07 


1600 


467 


.01 


.03 


.04 


.05 


.06 


.07 


.07 


.08 


.08 


1600 


488 


.01 


.03 


.04 


.05 


.06 


.07 


.08 


.08 


.08 


1700 


518 


.02 


.03 


.04 


.06 


.07 


.08 


.08 


.09 


.09 


1800 


649 


.02 


.03 


.05 


.06 


.07 


.08 


.09 


.09 


.09 


1000 


579 


.02 


.03 


.05 


.06 


.08 


.09 


.09 


.10 


.10 


2000 


610 


.02 


.04 


.05 


.07 


.08 


.09 


.10 


.10 


.10 


2100 


640 


.02 


.04 


.05 


.07 


.08 


.09 


.10 


.11 


.11 


2200 


671 


.02 


.04 


.06 


.07 


.09 


.10 


.11 


.11 


.11 


2300 


701 


.02 


.04 


.06 


.08 


.09 


.10 


.11 


.12 


.12 


2400 


732 


.02 


.04 


.00 


.08 


'.-10 


.11 


.12 


.12 


.13 


2600 


762 


.02 


.04 


.07 


.08 


.10 


.11 


.12 


.13 


.13 


2600 


792 


.02 


.05 


.07 


.09 


.10 


.12 


.13 


.13 


.14 


2700 


823 


,02 


.05 


.07 


.09 


.11 


.12 


.13 


.14 


.14 


2800 


863 


.03 


.05 


.07 


.09 


.11 


.13 


.14 


.14 


.15 


2900 


884 


.03 


.05 


.08 


.10 


.12 


.13 


.14 


.15 


.15 


3000 


914 


.03 


.05 


.08 


.10 


.12 


.14 


.15 


.16 


.16 


3100 


945 


.03 


.06 


.08 


.10 


.12 


.14 


.16 


.16 


.16 


3200 


976 


.03 


.06 


.08 


.11 


.13 


.14 


.16 


.16 


.17 


3300 


1006 


.03 


.06 


.09 


.11 


..13 


' .15 


.16 


.17 


.17 


3400 


1036 


.03 


.06 


.09 


.11 


.14 


.15 


.17 


.17 


.18 


3500 


1067 


.03 


.06 


.09 


.12 


.14 


.16 


.17 


.18 


.18 


3600 


1097 


.03 


.06 


.09 


.12 


.14 


.16 


.18 


.18 


.19 


3700 


1128 


.03 


.07 


.10 


.12 


.15 


.17 


.18 


.19 


.19 


3800 


1158 


.03 


,07 


.10 


.13 


.15 


.17 


.19 


.20 


.20 


3000 


1189 


.04 


.07 


.10 


.13 


.16 


.18 


.19 


.20 


.20 


4000 


1219 


.04 


.0V 


.10 


.13 


.16 


.18 


.20 


.21 


.21 


4100 


1260 


.04 


.07 


.11 


.14 


.16 


.19 


.20 


.21 


.21 


4200 


1280 


.04 


.07 


.11 


.14 


.17 


.19 


.21 


.22 


.22 


4300 


1311 


.04 


.08 


.11 


.14 


.17 


.19 


.21 


.22 


.22 


4400 


1341 


.04 


.08 


.11 


.15 


.18 


.20 


.2. 


.23 


.23 


4500 


1372 


.04 


.08 


.12 


.15 


.18 


.20 


.22 


.23 


.23 


4600 


1402 


.04 


.08 


.12 


.15 


.18 


.21 


.23 


.24 


.24 


4700 


1433 


.04 


.08 


.12 


.16 


.19 


.21 


.23 


.24 


.24 


4800 


1463 


.04 


.09 


.13 


.16 


.19 


.22 


.24 


.25 


.25 


4900 


1404 


.04 


.09 


.13 


.16 


.20 


.22 


.24 


.25 


.26 


5000 


1524 


.06 


.09 


.13 


.17 


.20 


.23 


.24 


.26 


.26 


6100 


1564 


.06 


.09 


.13 


.17 


.20 


.23 


.25 


.26 


.27 


6200 


1686 


.05 


.09 


.14 


.17 


.21 


.33 


.26 


.27 


.27 


6300 


1615 


.05 


.09 


.14 


.18 


.21 


.24 


.26 


.27 


.28 


6400 


1646 


.05 


.10 


.14 


.18 


.22 


.24 


.26 


.28 


.23 


6600 


1676 


.05 


.10 


.14 


.18 


.22 


.25 


.27 


.28 


.29 


6000 


1707 


0.05 


0.10 


0. IS 


0.19 


0.22 


0.25 


0.27 


0.29 


0.29 


5700 


1737 


.05 


.10 


.15 


.19 


.23 


.28 


.28 


.29 


.30 


5800 


1768 


.05 


.10 


.15 


.19 


.23 


.26 


.28 


.30 


.30 


6900 


1798 


.05 


.11 


.15 


.20 


.24 


.27 


.29 


.30 


.31 


6000 


1829 


.05 


.11 


.16 


.20 


.24 


.27 


.29 


.31 


.31 


6100 


1869 


.06 


.11 


.16 


.20 


.24 


.28 


.30 


.31 


.32 


0200 


I860 


.06 


.11 


.16 


.21 


.25 


.28 


.30 


.32 


.32 


0300 


1920 


.06 


.11 


.16 


.21 


.25 


.28 


.31 


.32 


.33 


6400 


1951 


.06 


.11 


.17 


.21 


.26 


.29 


.31 


.33 


.33 


6500 


1981 


.06 


.12 


.17 


.22 


.26 


.29 


.32 


.33 


.34 


6600 


2012 


.06 


.12 


.17 


.22 


.26 


.30 


.32 


.34 


.34 


6700 


2042 


.06 


.12 


.17 


.22 


.27 


.30 


.33 


.34 


.35 


6800 


2073 


.06 


.12 


.18 


.23 


.27 


31 


.33 


.35 


.35 


6900 


2103 


.06 


.12 


.18 


.23 


.28 


.31 


.34 


.35 


.36 


7000 


2134 


.06 


.12 


.18 


' .23 


.28 


.32 


.34 


.36 


.36 


7100 


2164 


.06 


.13 


.19 


.24 


.28 


.32 


.35 


.36 


.37 


7200 


2195 


.07 


.13 


.19 


.24 


.29 


.33 


.35 


.37 


.38" 


7300 


2225 


.07 


.13 


.19 


.24 


.29 


.33 


.36 


.37 


.38 


7400 


2256 


.07 


.13 


.19 


.25 


.30 


.33 


.36 


.38 


.39 


7600 


2286 


.07 


.13 


.20 


.25 


.30 


.34 


.37 


.38 


.39 
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Table B-ll. Values of (AU 1 ) for correction to FK4 Continued 
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Table B-ll. Values of (AX!) for correction to FK4 Continued 
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Table B-ll. Values of (AH!) for correction to FK4 Continued 
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Table -g-12. Correction For Differential Refraction, i(r-r') 
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0.00 
0.01 
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0.03 
0.03 
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0.01 
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37 
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The sign of the correction is the same as that of the micrometer 
difference 
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Table B-13. Values Of (2sin 4 --T/sinl // ) 
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When a is positive: 
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7174 


7263 


7353 


7443 


7433 


7624 


7714 












8.90 


0.035944 


6031 


6118 


6204 


6291 


6379 


6466 


6554 


6642 


6730 


6818 


96 


93 


90 


87 


84 


89 


5092 


5177 


5261 


5346 


5431 


5516 


5601 


5687 


5772 


5858 


5944 


1 9. 


9. 


9. 


8. 


8.4 


88 


4261 


4343 


4426 


4508 


4591 


4674 


4757 


4841 


4924 


5008 


5092 


2 19.2 


18. 


18. 


17. 


16.8 


87 


3451 


3531 


3611 


3692 


3772 


3853 


3934 


4016 


4097 


4179 


4261 


3 28.8 


27.9 


27.0 


26. 


25.2 


86 


2660 


2738 


2816 


2895 


2974 


3053 


3132 


3211 


3291 


3371 


3451 


4 38.4 


37.2 


36.0 


34. 


33.6 


85 


0.031888 


1965 


2041 


2118 


2195 


2272 


2349 


2426 


2504 


2582 


2660 


5 48.0 


46.5 


45.0 


43. 


32.0 


























6 57.6 


55.8 


54.0 


52.2 


50.4 


84 


1136 


1210 


1285 


1360 


1435 


1510 


1585 


1660 


1736 


1812 


1888 


7 67.2 


65. 


63.0 


60.9 


58.8 


83 


0.030402 


0474 


0547 


0620 


0693 


0766 


0840 


0914 


0987 


1061 


1136 


8 76.8 


74.4 


72.0 


69.6 


67.2 


82 


0.029685 


9756 


9827 


9898 


9970 


0041 


0113' 


0185 


0257 


0329 


0402 


9 86.4 


83.7 


81.0 


78.3 


75.6 


81 


8987 


9056 


9125 


9194 


9264 


9334 


9404 


9474 


9544 


9615 


9685 












8.80 


0.028305 


8372 


8440' 


8508 


8576 


8644 


8712 


8780 


8849 


8918 


8987 


81 


78 


75 


72 


69 


79 


7640 


7705 


7771 


7838 


7904 


7970 


8037 


8103 


8170 


8237 


8305 


1 8.1 


7.8 


7.5 


7.2 


6.9 


78 


6990 


7055 


7119 


7183 


7248 


7313 


7378 


7443 


7509 


7574 


7640 


2 16.2 


15.6 


15.0 


14.4 


13.8 


77 


6357 


6420 


6482 


6545 


6608 


6672 


6735 


6799 


6862 


6926 


6990 


3 24.3 


23.4 


22.5 


21.6 


20.7 


76 


5739 


5800 


5861 


5923 


5984 


6046 


6108 


6170 


6232 


6294 


6357 


4 32.4 


31.2 


30.0 


28.8 


27.6 


75 


0.025136 


5195 


5255 


5315 


5375 


5435 


5496 


5556 


5617 


5678 


5739 


5 40.5 


39.0 


37.5 


36.0 


34.5 


























6 48.6 


46.8 


45.0 


43.2 


41.4 


74 


4547 


4605 


4664 


4722 


4781 


4840 


4899 


4958 


5017 


5076 


5136 


7 56.7 


54.6 


52.5 


50.4 


48.3 


73 


3973 


4029 


4086 


4143 


4201 


4258 


4316 


4373 


4431 


4489 


4547 


8 64.8 


62.4 


60.0 


57.6 


55.2 


72 


3412 


3467 


3523 


3579 


3635 


3691 


3747 


3803 


3859 


3916 


3973 


9 72.9 


70.2 


67.5 


64.8 


62.1 


71 


2865 


2919 


2973 


3027 


3082 


3137 


3191 


3246 


3301 


3357 


3412 












8.70 


0.022331 


2383 


2436 


2489 


2543 


2596 


2649 


2703 


2757 


2811 


2865 


66 


63 


60 


57 


55 


69 


1809 


1861 


1913 


1964 


2016 


2068 


2121 


2173 


2225 


2278 


2331 


1 6.6 


6.3 


6.0 


5.7 


5.5 


68 


1301 


1351 


1401 


1452 


1503 


1553 


1604 


1655 


1707 


1758 


1809 


2 13.2 


12.6 


12.0 


11.4 


11.0 


67 


0804 


0853 


0902 


0952 


1001 


1051 


1100 


1150 


1200 


1250 


1301 


3 19.8 


18.9 


18.0 


17.1 


16.5 


66 


0.020319 


0367 


0415 


0463 


0512 


0560 


0609 


0657 


0706 


0755 


0804 


4 26.4 


25.2 


24.0 


22.8 


22.0 


65 


0.019846 


9893 


9940 


9987 


0034 


0081 


0128 


0176 


0223 


0271 


0319 


5 33.0 


31.5 


30.0 


28.5 


27.5 


























6 39.6 


37.8 


36.0 


34.2 


33.0 


64 


9384 


9430 


9475 


9521 


9567 


9613 


9660 


9706 


9752 


9799 


9846 


7 46.2 


44.1 


42.0 


39.9 


38.5 


63 


8933 


8978 


9022 


9067 


9112 


9157 


9202 


9247 


9293 


9338 


9384 


8 52.8 


50.4 


48.0 


45.6 


44.0 


62 


8493 


8536 


8680 


8624 


8667 


8711 


8755 


8800 


8844 


8888 


8933 


9 59.4 


56.7 


54.0 


51.3 


49.5 


61 


8063 


8105 


8148 


8191 


8233 


8276 


8319 


8363 


8406 


8449 


8493 












8.60 


0.017643 


7685 


7726 


7768 


7810 


7852 


7894 


7936 


7978 


8020 


8063 




































53 


51 


49 


47 


45 


59 


7233 


7274 


7315 


7355 


7396 


7437 


7478 


751S 


7560 


7602 


7643 


I 5.3 


5.1 


4.9 


4.7 


4.5 


58 


6833 


6873 


6913 


6952 


6992 


7032 


7072 


7112 


7153 


7193 


7233 


2 10.6 


10.2 


9.8 


9.4 


9.0 


57 


6443 


t>482 


6520 


6559 


6598 


6637 


6676 


6715 


6755 


6794 


6833 


3 15.9 


15.3 


14.7 


14.1 


13.5 


56 


6062 


6099 


6137 


6175 


6213 


6251 


6289 


6328 


6366 


6404 


6443 


4 21.2 


20.4 


19.6 


18.8 


18.0 


55 


0.015689 


5726 


5763 


5800 


5837 


5874 


5912 


5949 


5986 


6024 


6062 


5 26.5 


25.5 


24.5 


23.5 


22.5 


























6 31.8 


30.6 


29.4 


28.2 


27.0 


54 


5326 


5362 


5398 


5434 


5470 


5507 


5543 


5579 


5616 


5653 


5689 


7 37.1 


35.7 


34.3 


32.9 


31.5 


53 


4971 


5006 


5041 


5077 


5112 


5147 


5183 


5218 


5254 


5290 


5326 


8 42.4 


40.8 


39.2 


37.6 


36.0 


52 


4624 


465!) 


4693 


4727 


4762 


4797 


4831 


4866 


4901 


4936 


4971 


9 47.7 


45.9 


44.1 


42.3 


40.5 


51 


4286 


4319 


4353 


4387 


4420 


4454 


4488 


4522 


4556 


4590 


4624 












8.50 


0.013955 


3988 


4021 


4054 


4087 


4120 


4153 


4186 


4219 


4253 


4286 


43 


41 


39 


37 


35 


























1 4.3 


4.1 


3.9 


3.7 


3.5 


























2 8.6 


8.2 


7.8 


7.4 


7.0 


























3 12.9 


12.3 


11.7 


11.1 


10.5 


























4 17.2 


16.4 


15.6 


14.8 


14.0 


























5 21.5 


20.5 


19.5 


18.5 


17.5 


























6 25.8 


24.6 


23.4 


22.2 


21.0 


























7 30.1 


28.7 


27.3 


25.9 


24.5 


























8 34.4 


32.8 


31.2 


29.6 


28.0 


























9 38.7 


36.9 


35.1 


33.3 


31.5 
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Table B-14. Logarithms of (1/1 -a) Continued 

















g 


7 


8 


9 


10 


Proportional parta 


Logo 





1 


2 






















8 50 


013955 


988 


4021 


4054 


4087 


4120 


4153 


4186 


4219 


4253 


4286 


34 


33 


32 


31 


30 


49 
48 
47 
46 
45 


3633 
3318 
3010 
2709 
0.012416 


665 
3349 
3040 
2739 
2445 


3697 
3380 
3071 
2769 
2474 


3729 
3411 
3101 
2709 
2503 


3761 
3443 
3132 
2829 
2532 


3793 
3474 
3163 
2859 
2562 


3825 
3506 
3194 
2889 
2591 


3858 
3537 
3225 
2919 
2021 


3890 
3569 
3256 
2949 
2650 


3923 
3601 
3287 
25)79 
2080 


3955 
3633 
3318 
3010 
2709 


3.4 

6.8 
10.2 
I 13.6 
> 17.0 
5 20.4 


3.3 
6.6 
9.9 
3.2 
6.5 
9.8 


3.2 
6.4 
9.6 
2.8 
6.0 
9.2 


3.1 
6.2 
9.3 
12.4 
15.5 
18.6 


3.0 
6.0 
9.0 
2.0 
5.0 
18.0 


44 

43 
42 
41 
8 40 ! 


2129 
1849 
1576 
1309 
011048 


2158 
1877 
1603 
1335 
1074 


2186 
15)05 
1630 
1362 
1100 


2215 
1933 
1657 
1.388 
1126 


2243 
1961 
1685 
1415 
1152 


2272. 
1989 
1712 
1442 
1178 


2,300 
2017 
1739 
1468 
1204 


2329 
2045 
1767 
1495 
1230 


2358 
2073 
1794 
1522 
1256 


2387 
2101 
1822 
1549 
1283 


2416 
2129 
1849 
1576 
1309 


? 23.8 
3 27.2 
3 30.6 

29 


23.1 
26.4 
29.7 

28 


22.4 
25.6 
28.8 

27 


21.7 
24.8 
27.9 

26 


21.0 
24.0 
27.0 

25 


39 
38 
37 
36 
35 


0794 
0545 
0302 
0.010065 
0.009833 


0819 
0570 
0326 
0088 
9856 


0844 
0594 
0350 
0112 
9879 


0869 
0619 
0374 
0135 
9902 


0895 
0644 
039!) 
0159 
9925 


0920 
0669 
0423 
0183 
9948 


0946 
0694 
0447 
0207 
9972 


0971 
0718 
0472 
0230 
9995 


0997 
0743 
0496 
0254 
0018 


1023 
0769 
0520 
0278 
0041 


1048 
0794 
0545 
0302 
0065 


1 2.9 

2 5.8 
3 8.7 
6 11.6 
5 14.5 
6 17.4 


2.8 
5.6 
8.4 
11.2 
14.0 
16.8 


2.7 
5.4 
8.1 
10.8 
13.5 
16.2 


2.6 
5.2 

7.8 
10.4 
13.0 
15.6 


2.5 
5.0 
7.5 
10.0 
12.5 
15.0 


34 
33 
32 
31 
8 30 


5)607 
0386 
!)170 
8959 
0,008753 


9629 
9408 
9191 
8980 
877.3 


9652 
9430 
9213 
5)001 
8794 


9074 
9452 
9234 
5)022 
8814 


9697 
5)474 
9256 
9043 
8835 


9719 
9496 
9277 
9064 
8855 


9742 
9518 
929!) 
5)085 
8876 


9765 
9540 
9320 
9106 

8897 


9787 
9562 
9342 
9127 
8917 


9810 
9584 
9364 
9149 
8938 


9833 
9607 
9386 
9170 
8959 


7 20.3 
8 23.2 
9 26.1 

24 


19.6 
22.4 
25.2 

23 


18.9 
21.6 
24.3 

22 


18.2 
20.8 
23.4 

21 


17.5 
20.0 
22.5 

20 


29 
28 
27 
20 
25 


8552 
8.355 
8163 
7976 
0.00775)2 


8572 
8375 
8182 
7994 
7811 


855)2 
8394 
8201 
8013 
7825) 


8012 
8414 
8220 
8031 
7847 


8632 
8433 
8239 
8050 
7865 


8652 
8453 
8259 
8009 
7884 


8672 
8473 
8278 
8088 
7902 


8092 
8492 
825)7 
8106 
7920 


8712 
8512 
8316 
8125 
7939 


8733 
85.32 
8336 
8144 
75)57 


8753 
8552 
8355 
8163 
7976 


1 2.4 
2 4.8 
3 7.2 
4 9.6 
5 12.0 
14. 


2.3 
4.6 
6.9 
9.2 
11.5 
13. 


2.2 

4. 
6. 
8. 
11. 
13. 


2.1 
4. 
6. 
8. 
10. 
12. 


2.0 
4.0 
6.0 
8.0 
10.0 
12.0 


24 
23 
22 
21 
8 20 


7614 
74.39 
7268 
7101 
0.006938 


7631 
7450 
7285 
7118 
65)54 


7649 
7473 
7302 
7134 

6071 


7067 
7491 
7319 
7151 
0987 


7085 
7508 
7.336 
7167 
700.3 


7702 
7520 
7353 
7184 
7019 


7720 
7543 
7370 
7201 
7036 


77.38 
7501 
7387 
7218 
7052 


7756 
7578 
7404 
7234 
7068 


7774 
7590 
7421 
7251 
7085 


7792 
7614 
7439 
7268 
7101 


7 16. 
8 19. 
9 21. 

19 


10. 
18. 
20. 

18 


15. 
17. 
19. 

17 


14. 
16. 
18. 

16 


14.0 
16.0 
18.0 

15 


19 
18 
17 
16 
15 


6779 
6624 
6472 
6323 
0.006178 


6795 
0635 
6487 
6338 
6193 


0811 
6654 
0502 
0353 
6207 


6826 
6070 
0517 
6367 
0221 


6842 
0685 
6532 
0382 
02.36 


6858 
0701 
0547 
635)7 
6250 


0874 
0710 
6562 
0412 
6265 


685)0 
6732 
6578 
0427 
0279 


65)06 
6748 
6593 
6442 
6294 


6922 
6703 
6008 
6457 
6309 


6938 
6779 
6624 
6472 
6323 




1 


1. 


1. 


1.5 


2 3. 
3 5. 
4 7. 
5 9. 
6 11. 


3. 
5. 
7. 
9. 
10. 


3. 
5. 
6. 
8. 
10. 


3. 
4. 
6. 
8. 
9. 


3.0 
4.5 
6.0 
7.5 
9.0 


14 
13 
12 


6037 
5898 
5763 


6051 
5912 
5777 


6005 
5926 
575)0 


007! 
594( 
580: 


6093 
5953 
5817 


6107 
5967 
5830 


6121 
5981 
5844 


01.35 
55)5)5 
5857 


6150 
6009 
5871 


0164 
0023 
5885 


6178 
6037 
5898 


7 13. 
8 15. 
9 17. 


12. 
14. 
16. 


11. 
1.3. 
15. 


11. 
12. 
14 


10.5 
12.0 
13.5 


11 
8.10 


5631 
0.005502 


5644 
5515 


5657 
5528 


5670 
5541 


5084 
5553 


5097 
5566 


5710 
5575 


5723 
5592 


57.37 
5605 


575( 
5018 


576.3 
5631 




































14 


13 


12 


11 


10 


09 
08 
07 


5376 
5253 
5133 


5385 
5265 
5145 


5401 
5277 
5157 


5414 
525)0 
5169 


5302 
5181 


5435) 
5314 
519.3 


5451 
5327 
5205 


546- 
533! 
5217 


5477 
5351 
5229 


5489 
53(54 
5241 


5502 
5370 
5253 


1 1. 
2 2 


1 
2 


l.i 
2.' 


> 1 
1 2 


1.0 
2.0 


06 


5015 


5027 


50.38 


5050 


5062 


5074 


5085 


505)7 


5109 


512 


5133 


3 4 


3 








05 


4900 


4912 


4921 


4935 


4946 


4957 


4909 


4980 


4992 


500' 


5015 


4 5 

5 7 





O.I 


) 5 


5.0 


04 
03 
02 
01 


4788 
4670 
4572 
446 


4799 
4690 
4582 
4477 


4810 
4700 
4593 

4488 


4822 
471 
460. 
4498 


4833 
4722 
4614 
4509 


4844 
4733 
4625 
4515 


4855 
4744 
4636 
452' 


4800 
4755 
4046 
4540 


4878 
4706 
4657 
4550 


4885 
477" 
4008 
450 


45)00 
4788 
4079 
4572 


6 8 
7 9 
8 11 
9 12 


7 . 
9 
10 
11 


7.' 
8. 
9. 
10. 


2 

1 7 

a 8 

8 9 


0.0 
7.0 
8.0 
9.0 


8.00 


0.00436 


437 


438 


439 


4405 


4416 


4426 


4436 


4446 


4457 


4467 










- 
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Table B-14. Logarithms of (1/1 - a ) Continued 



When a is positive: 



Log a 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Proportional parts 


8.00 


0.004365 


4375 


4385 


4395 


4405 


4416 


4426 


4436 


4446 


4457 


4467 




7.99 


4265 


4275 


4285 


4295 


4305 


4315 


4325 


4335 


4345 


4355 


4365 




98 


4167 


4177 


4187 


4196 


4206 


4216 


4226 


4235 


4245 


4255 


4265 




11 


10 


97 


4072 


4082 


4091 


4100 


4110 


4119 


4129 


4139 


4148 


4158 


4167 








96 


3979 


3988 


3997 


4007 


4016 


4025 


4035 


4044 


4053 


4063 


4072 


1 


1.1 


1.0 


95 


0.003888 


3897 


3906 


3915 


3924 


3933 


3942 


3951 


3961 


3970 


3979 


2 


2.2 


2.0. 


























3 


3.3 


3.0 


94 


3799 


3808 


3817 


3826 


3834 


3843 


3852 


3861 


3870 


3879 


3888 


4 


4.4 


4.0 


93 


3712 


3721 


3729 


3738 


3747 


3755 


3764 


3773 


3782 


3790 


3799 


5 


5.5 


5.0 


92 


3027 


3636 


3644 


3653 


3661 


3670 


3678 


3687 


3695 


3704 


3712 


6 


6.6 


6.0 


91 


3545 


3553 


3561 


3509 


3577 


3586 


3594 


3602 


3611 


3619 


3627 


7 


7.7 


7.0 


7.90 


.0.003463 


3472 


3480 


3488 


345)6 


3504 


3512 


3520 


3528 


3536 


3545 


8 


8.8 


8.0 


























9 


9.9 


9.0 


89 


3384 


3392 


3400 


3408 


3416 


3424 


3432 


3440 


3448 


3456 


3463 








88 


3307 


3315 


3322 


3330 


3338 


3345 


3353 


3361 


3369 


3377 


3384 




87 


3231 


3239 


3246 


3254 


3261 


32G9 


3277 


3284 


3292 


3299 


3307 




86 


3158 


3165 


3172 


3180 


3187 


311)4 


3202 


3209 


3217 


3224 


3231 




85 


0.003086 


3093 


3100 


3107 


3114 


3121 


3129 


3136 


3143 


3150 


3158 




9 


8 


84 


3015 


3022 


3029 


3036 


3043 


3050 


3057 


3064 


3071 


3078 


3086 


1 


0.9 


0.8 


83 


2940 


2953 


2900 


2907 


2974 


2980 


21)87 


2994 


3001 


3008 


3015 


2 


1.8 


1.15 


82 


2879 


2886 


2892 


2899 


2906 


2912 


2919 


2926 


2933 


2939 


2946 


3 


2.7 


2.4 


81 


2813 


2820 


2826 


2833 


2839 


2846 


2852 


2859 


2866 


2872 


2879 


4 


3.6 


3.2 


7.80 


0.002749 


2755 


2762 


2768 


2774 


2781 


2787 


2794 


2800 


2807 


2813 


5 


4.5 


4.0 


























6 


5.4 


4.8 


79 


2686 


2692 


2099 


2705 


2711 


2717 


2724 


2730 


2736 


2743 


2749 


7 


6.3 


5.0 


78 


2025 


2031 


2637 


2643 


2649 


2655 


2001 


2068 


2674 


2080 


2680 


8 


7.2 


6.4 


77 


2505 


2571 


2577 


2583 


2589 


2595 


2001 


2007 


2013 


2019 


2625 


i 


8.1 


7.2 


76 


2506 


2512 


2518 


2524 


2530 


2535 


2541 


2547 


2553 


2559 


2565 




75 


0.002449 


2455 


2400 


2400 


2472 


2478 


2483 


2489 


2495 


2501 


2500 




74 


2393 


2399 


2404 


2410 


2415 


2421 


2427 


2432 


2438 


2443 


2449 




73 


2339 


2344 


2349 


2355 


2300 


23(50 


2371 


2377 


2382 


2388 


2393 




7 


6 


72 


2285 


2290 


2290 


2301 


2300 


2312 


2317 


2322 


2328 


2333 


2339 









71 


2233 


2238 


2243 


2249 


2254 


2259 


2204 


2269 


2275 


2280 


2285 


1 


0.7 


0.0 


7.70 


0.002182 


2187 


2192 


2197 


2202 


2207 


2213 


2218 


2223 


2228 


2233 


2 


1.4 


1.2 


























3 


2.1 


1.8 


6!) 


2132 


2137 


2142 


2147 


2152 


2157 


2102 


2167 


2172 


2177 


2182 


4 


2.8 


2.4 


(58 


2084 


2088 


2093 


2098 


2103 


2108 


2113 


2118 


2122 


2127 


2132 


5 


3.5 


3.0 


07 


2030 


2041 


2040 


2050 


2055 


2000 


2065 


2009 


2074 


2079 


2084 


6 


4.2 


3.6 


00 


1<)90 


1994 


1999 


2003 


2008 


2013 


2017 


2022 


2027 


2031 


2036 


7 


4.9 


4.2 


05 


0.001944 


1949 


J953 


1 958 


1902 


1967 


1971 


1970 


1980 


1985 


1990 


8 


5.6 


4.8 


























9 


6.3 


5.4 


04 


1900 


1904 


1909 


1913 


1918 


1922 


192(i 


1931 


1935 


1940 


1944 




(53 


1857 


1801 


1805 


1809 


1874 


1878 


1882 


1887 


1891 


1896 


1900 




62 


1814 


1818 


1823 


1827 


1831 


1835 


1840 


1844 


1848 


1852 


1857 




61 


1773 


1777 


1781 


1785 


1789 


1793 


1798 


1802 


1800 


1810 


1814 




7.00 


0.001732 


1730 


1740 


1744 


1748 


1753 


1757 


1701 


1705 


1709 


1773 




59 


1(593 


1097 


1701 


1705 


1701) 


1713 


1710 


1720 


1724 


1728 


1732 




5 


4 


58 


1(554 


1058 


1(502 


1000 


1070 


1073 


1077 


1681 


1685 


1089 


1693 








57 


1017 


1020 


1(524 


1028 


1032 


1(535 


103!) 


1(543 


1047 


1650 


1054 


1 


0.5 


0.4 


50 


1580 


1583 


1587 


1591 


1594 


1598 


1(502 


1005 


1009 


1013 


1017 


2 


1.0 


0.8 


55 


0.001544 


1547 


1551 


1554 


1558 


1502 


1505 


1509 


1572 


1576 


1580 


3 


1.5 


1.2 


























4 


2.0 


1.6 


54 


1508 


1512 


1515 


1519 


1522 


1520 


1529 


1533 


1537 


1540 


1544 


5 


2.5 


2.0 


53 


1474 


1477 


1481 


1484 


1488 


1491 


1495 


1408 


1502 


1505 


1508 


6 


3.0 


2.4 


52 


1440 


1444' 


1447 


1450 


1454 


1457 


1401 


1404 


1407 


1471 


1474 


7 


3.5 


2.8 


51 


1408 


1411 


1414 


1417 


1421 


1424 


1427 


1431 


1434 


1437 


1440 


8 


4.0 


3.2 


7.50 


0.001370 


1379 


1382 


1385 


1388 


1391 


1395 


1398 


1401 


1404 


1408 


9 


4.5 


3,6 
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Table B-14. Logarithms of (1/1 -a) Continued 



Log a 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Proportional parts 


7.50 


0.001376 


379 


382 


385 


388 


391 


395 


398 


401 


404 


408 




49 
48 
47 
46 
45 


1344 
1314 
1284 
1254 
0.001226 


347 
317 
287 
257 
229 


350 
320 
290 
260 
231 


354 
323 
292 
263 
234 


357 
326 
295 
266 
237 


360 
329 
298 
269 
240 


363 
332 
301 
272 
243 


366 
335 
304 
275 
246 


369 
338 
307 
278 
249 

OOfl 


372 
341 
311 
281 
251 

yyi 


376 
344 
314 
284 
254 

226 


4 3 


44 
43 
42 
41 
7.40 


1198 
1170 
1144 
1118 
0.001092 


201 
173 
146 
120 
095 


203 
176 
149 
123 

097 


206 
179 
1152 
1126 
1100 


209 
181 
154 
128 
102 


212 
184 
157 
131 
105 


214 
187 
160 
133 
107 


217 
190 
162 
1136 
1110 


,\J 

192 
165 
139 
1113 


&&& 
195 
168 
141 
1115 


198 
170 
144 
118 


1 0.4 0.3 
2 0.8 0.6 
3 1.2 0.9 
4 1.6 1.2 
5 2.0 1.5 


39 
38 
37 
36 
35 


1067 
1043 
1019 
0996 
0.000973 


070 
045 
1022 
0998 
0976 


072 
048 
024 
1001 
0978 


1075 
1050 
102C 
1003 
0980 


077 
1053 
1029 
1005 
0982 


080 
1055 
1031 
1008 
0985 


082 
1058 
1033 
1010 
0987 


1085 
1060 
1036 
1012 
0989 


1087 
1062 
1038 
1015 
0991 


1090 
1065 
1041 
1017 
0994 


092 
1067 
1043 
1019 
0996 


6 2.4 1.8 
7 2.8 2.1 
8 3.2 2.4 
9 3.6 2.7 


34 


951 


953 


956 


958 


960 


962 


964 


967 


969 


971 


973 




33 


929 


932 


934 


936 


938 


940 


942 


945 


947 


949 


951 




32 


908 


910 


913 


915 


917 


919 


921 


923 


925 


927 


929 




31 


888 


890 


892 


894 


896 


898 


900 


902 


904 


906 


908 




7.30 


0.000867 


869 


871 


873 


875 


877 


879 


882 


884 


886 


888 




29 


848 


850 


852 


854 


855 


857 


859 


861 


863 


865 


867 




28 


828 


830 


832 


834 


836 


838 


840 


842 


844 


846 


848 


2 i 1 


27 


809 


811 


813 


815 


817 


819 


821 


823 


825 


826 


828 





26 


791 


793 


795 


796 


798 


800 


802 


804 


806 


808 


809 


1 0.2 0.1 


25 


0.000773 


775 


777 


778 


780 


782 


784 


786 


787 


789 


791 


2 0.4 0.2 


























3 0.6 0.3 


24 


755 


757 


759 


761 


762 


764 


766 


768 


769 


771 


773 


4 0.8 0.4 


23 


738 


740 


742 


743 


745 


7-17 


748 


750 


752 


754 


755 


5 1.0 0.5 


22 


721 


723 


725 


726 


728 


730 


731 


733 


735 


736 


738 


6 1.2 0.6 


21 


705 


707 


708 


710 


711 


713 


715 


716 


718 


720 


721 


7 1.4 0.7 


7.20 


0.000689 


690 


692 


694 


695 


697 


698 


700 


702 


703 


705 


8 1.6 0.8 


























9 1.8 0.9 


19 


673 


675 


676 


678 


679 


681 


683 


684 


686 


687 


689 




18 


658 


659 


661 


662 


664 


665 


667 


669 


670 


672 


673 




17 


643 


644 


646 


647 


64'. 


650 


652 


65: 


655 


650 


658 




16 


628 


630 


631 


633 


634 


635 


l>37 


638 


640 


641 


643 




15 


0.000614 


615 


617 


018 


620 


621 


622 


624 


625 


627 


628 




14 


600 


601 


603 


60-1 


605 


607 


608 


610 


61 


612 


614 




13 


58t> 


588 


58! 


590 


592 


5!): 


594 


596 


597 


599 


600 




12 


57 


574 


576 


577 


578 


580 


581 


582 


584 


585 


580 




11 


56 


561 


562 


564 


565 


560 


568 


561 


57( 


572 


573 




7.10 


0.00054 


548 


550 


551 


552 


553 


555 


556 


557 


55 l 


560 




09 


53 


530 


537 


538 


54 


54 


542 


54 


54 


54 


54 




08 


52 


52 


52. 


521 


52 


529 


530 


53 


53 


53 


53 




07 


51 


51 


511 


514 


51 


516 


518 


51 


52 


52 


52 




00 


4!) 


500 


50 


502 


50 


50 


50 


50 


50 


50 


51 




05 


0.00048 


48 


490 


49 


49 


49 


49 


49 


49 


49 


49 




04 


47 


47 


47 


48 


48 


48 


48 


48 


48 


48 


48 




o: 


46 


46 


46 


46 


47 


47 


47 


47 


47 


47 


47 




02 


45 


45 


45 


45 


45 


46 


46 


46 


46 


46 


46 




01 


44 


44 


44 


44 


44 


45 


45 


45 


45 


45 


45 




7.00 


0.00043 


43 


43 


43 


43 


44 


44 


44 


44 


44 


44 






















- 





. 
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TM 5-442 
Table B-14. Logarithms of (1/1 -a) Continued 



When a is positive : 



Log a 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Proportional parts 


7.0 


0.000435 


436 


437 


438 


439 


440 


441 


442 


443 


444 


445 




10 


9 


6.9 
8 
7 
6 
5 


345 
274 
218 
173 
0.000137 


353 
280 
223 
177 
141 


361 
287 
228 
181 
144 


370 
294 
233 
185 
147 


378 
301 
239 
190 
151 


387 
308 
244 
194 
154 


396 
315 
250 
199 
158 


405 
322 
256 
203 
161 


415 
330 
262 
208 

165 


425 
337 
268 
213 
169 


435 
345 
274 
218 
173 


r 

4 


l.( 
2 2.( 
5 3.( 
1 4.C 
) 5.C 


) 0.9 
) 1.8 
) 2.7 
) 3.6 
4.5 





























6.1 


5 4 


4 
3 


109 
087 


112 
089 


114 
091 


117 
093 


120 
095 


122 

097 


125 
100 


128 
102 


131 
104 


134 
107 


137 
109 





7.C 
8.C 


6.3 
7.2 


2 


69 


70 


72 


74 


75 


77 


79 


81 


83 


85 


87 


C 


9.C 


8. 1 


1 


55 


56 


57 


59 


60 


61 


63 


64 


66 


67 


69 








6.0 


0.000043 


44 


45 


47 


48 


49 


50 


51 


52 


53 


55 




8 


7 


5.9 
8 


34 
27 


35 
28 


36 
29 


37 
29 


38 
30 


39 
31 


40 
31 


41 
32 


41 
33 


42 
34 


43 
34 


1 

2 


O.S 
1.6 


0.7 
1.4 


7 


22 


22 


23 


23 


24 


24 


25 


26 


26 


27 


27 


J 




2. 1 


6 
5 


17 
0.000014 


18 
14 


18 
14 


19 
15 


19 
15 


19 
15 


20 
16 


20 
16 


21 

17 


21 

17 


22 
17 


4 

5 


3.2 
4.0 


2.8 
3.5 


























6 


4.8 


4.2 


4 
3 


11 
09 


11 

09 


11 
09 


12 
09 


12 
10 


12 
10 


13 
10 


13 
10 


13 
10 


13 
11 


14 
11 


7 
8 


5.6 
6.4 


4.9 
5.6 


2 


7 


7 


7 


7 


8 


8 


8 


8 


8 


8 


9 


9 


7.2 


0.3 


1 


5 


6 


6 


6 


6 


6 


6 


6 


7 


7 


7 




5.0 


0.000004 


4 


5 


5 


5 


5 


5 


5 


5 


5 


5 




g 


5 


4.0 


0.000000 


1 


1 


1 


1 


1 


2 


2 


3 


3 


4 

































1 


0.6 


0.5 


























2 


1.2 


1.0 


When a is negative: 


3 

4 


1.8 
2.4 


1.5 
2.0 


























5 


3.0 


2.5 


4.0 n 


0.000000 


*9999 


9999 


*9999 


*99!K) 


*9999 


*9998 


9998 


9997 


*9997 


*9996 


6 


3.6 


3.0 


























7 


4.2 


3.5 


5.0 n 


9.999996 


96 


95 


95 


95 


95 


95 


95 


95 


95 


95 


8 


4.8 


4.0 


1 n 


95 


94 


94 


94 


94 


94 


94 


94 


93 


93 


93 


9 


5.4 


4.5 


2 n 


93 


93 


93 


93 


92 


92 


!)2 


92 


92 


92 


ttl 




3 n 


91 


91 


91 


91 


90 


90 


90 


90 


90 


89 


89 




4 


3 


4 n 


89 


89 


so 


88 


88 


88 


87 


87 


87 


87 


86 



































1 


0.4 


0.3 


5 n 


9.999986 


86 


86 


85 


85 


85 


84 


84 


83 


83 


83 


2 


0.8 


0.0 


6 n 


83 


82 


82 


81 


81 


81 


80 


80 


79 


7!) 


78 


3 


1.2 


0.9 


7 n 


78 


78 


77 


77 


7(5 


70 


75 


74 


74 


73 


73 


4 


1.6 


1.2 


8 n 


73 


72 


71 


71 


70 


6!) 


69 


68 


07 


60 


66 


5 


2.0 


3.5 


9 n 


66 


05 


64 


63 


62 


01 


00 


59 


59 


58 


57 





2.4 


1.8 


























7 


2.8 


2.1 


6.0 n 


9.999957 


56 


55 


53 


52 


51 


50 


49 


48 


47 


45 


8 


3.2 


2.4 


I n 


45 


44 


43 


41 


40 


39 


37 


30 


34 


33 


31 


i 


3.6 


2.7 


2 n 


31 


30 


28 


20 


25 


23 


21 


19 


17 


15 


13 




3 i 


913 


911 


1)0!) 


907 


00.5 


903 


1)01 


898 


896 


893 


891 




4 n 


891 


888 


886 


883 


880 


878 


875 


872 


80!) 


800 


863 




5 n 


! . 990803 


859 


856 


853 


849 


846 


842 


839 


835 


831 


827 1 


2 


1 


6 n 


827 


823 


81!) 


815 


810 


80(i 


802 


707 


792 


787 


782 






7 n 


782 


777 


772 


767 


761 


756 


750 


744 


738 


732 


726 


1 


0.2 


0. 1 


8 n 


720 


720 


713 


700 


700 


0!)3 


685 


678 


(571 


003 


055 


2 


0.4 


0.2 


9 n 


655 


047 


(S3!) 


>31 


022 


613 


604 


595 


585 


571) 


566 


3 


0.6 


0.3 
























4 


0.8 


0. 4 


7.0 n 


9 . 95)9560 


505 


564 


563 


562 


561 


500 


559 


558 


557 


556 5 


.0 


0.5 


























Oj .2 


0.6 


























7J .4| 0.7 
























li 


8 


. 6| . 8 
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Table B-14. Logarithms of (1/1-a^ Continued 



When a is negative: 



Log a 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Proportional parts 


7.00n 


9.999566 


565 


564 


563 


562 


561 


560 


559 


558 


557 


556 




01 n 


556 


555 


554 


553 


552 


551 


550 


549 


548 


547 


545 




02 n 


545 


544 


543 


542 


541 


540 


539 


538 


537 


536 


535 




03 n 


535 


534 


533 


532 


531 


530 


528 


527 


526 


525 


524 




04 n 


524 


523 


522 


521 


520 


519 


517 


516 


515 


514 


513 




05 n 


9.999513 


512 


511 


510 


508 


507 


506 


505 


504 


503 


502 




06n 


502 


501 


499 


498 


497 


496 


495 


494 


492 


491 


490 




07 n 


490 


489 


488 


487 


485 


484 


483 


482 


481 


479 


478 




08 n 


478 


477 


476 


475 


473 


472 


471 


470 


469 

A K.fi 


467 

ACK 


466 

AtLA 


1 2 


09 n 


466 


465 


464 


462 


461 


460 


459 


457 


40D 


400 


404 


1 0.1 0.2 


7.10n 


9.999454 


452 


451 


450 


449 


447 


446 


445 


443 


442 


441 


2 0.2 0.4 


11 n 


441 


440 


438 


437 


436 


434 


433 


432 


430 


429 


428 


3 0.3 0.6 


12 n 


428 


427 


425 


424 


423 


421 


420 


419 


417 


416 


415 


4 0.4 0.8 


13 n 


415 


413 


412 


410 


409 


408 


406 


405 


404 


402 


401 


5 0.5 1.0 


14 n 


401 


400 


398 


397 


395 


394 


393 


391 


390 


388 


387 


6 0.6 1.2 


























7 0.7 1.4 


15 n 


9.999387 


386 


384 


383 


381 


380 


378 


377 


376 


374 


373 


8 0.8 1.6 


16 n 


373 


371 


370 


368 


367 


365 


364 


363 


361 


360 


358 


9 0.9 1.8 


17 n 


358 


357 


355 


354 


352 


351 


349 


348 


346 


345 


343 




18 n 


343 


342 


340 


339 


337 


336 


334 


333 


331 


329 


328 




19 n 


328 


326 


325 


323 


322 


320 


319 


317 


315 


314 


312 




7.20n 


9.999312 


311 


309 


307 


306 


304 


303 


301 


299 


298 


296 




21 n 


296 


295 


293 


291 


290 


288 


286 


285 


283 


282 


280 




22 n 


280 


278 


277 


275 


273 


272 


270 


268 


266 


265 


263 




23 n 


263 


261 


260 


258 


256 


255 


253 


251 


249 


247 


246 




24 n 


246 


244 


242 


241 


239 


237 


235 


234 


232 


230 


228 


3 4 


25 n 


9 . 999228 


227 


225 


223 


221 


219 


218 


216 


214 


212 


210 


1 0.3 0.4 


26 n 


210 


209 


207 


205 


203 


201 


199 


198 


196 


194 


192 


2 0.6 0.8 


27 n 


192 


190 


188 


186 


185 


183 


181 


179 


177 


175 


173 


3 0.9 1.2 


28 n 


173 


171 


169 


168 


166 


164 


162 


160 


158 


156 


154 


4 1.2 1.6 


29 n 


154 


152 


150 


148 


146 


144- 


142 


140 


138 


136 


134 


5 1.5 2.0 


























6 1.8 2.4 


7.30n 


9.999134 


132 


130 


128 


126 


124 


122 


120 


118 


116 


114 


7 2.1 2.8 


31 n 


114 


112 


110 


108 


106 


104 


102 


100 


098 


096 


094 


8 2.4 3.2 


32 n 


094 


091 


089 


087 


085 


083 


081 


079 


077 


075 


072 


9 2.7 3.6 


33 n 


072 


070 


068 


066 


064 


062 


060 


057 


055 


053 


051 




34 n 


051 


049 


047 


044 


042 


040 


038 


036 


033 


031 


029 




35 n 


9 . 999029 


9027 


9024 


9022 


9020 


9018 


9015 


9013 


9011 


9009 


9006 




36 n 


9006 


9004 


9002 


8999 


8997 


8995 


8992 


8990 


8988 


8985 


8983 




37 n 


8983 


8981 


8978 


8976 


8974 


8971 


8969 


8967 


8964 


8962 


8959 




38 n 


8959 


8957 


8955 


8952 


8950 


8947 


8945 


8943 


8940 


8938 


8935 




39 n 


8935 


8933 


8930 


8928 


8925 


8923 


8920 


8918 


8915 


8913 


8910 




40 n 


9.998910 


8908 


8905 


8903 


8900 


8898 


8895 


8893 


8890 


8888 


8885 




41 n 


8885 


8883 


8880 


8877 


8875 


8872 


8870 


8867 


8864 


8862 


8859 




42 n 


8850 


8857 


8854 


8851 


8849 


8846 


8843 


8841 


8838 


8835 


8833 




43 n 


8833 


88,30 


8827 


8825 


8822 


8819 


8816 


8814 


8811 


8808 


8805 




44 n 


8805 


8803 


8800 


8797 


8794 


8792 


8789 


8786 


8783 


8781 


8778 




45 n 


9.998778 


8775 


8772 


8769 


8766 


8764 


8761 


8758 


8755 


8752 


8749 




46 n 


8749 


8746 


8744 


8741 


8738 


8735 


8732 


8729 


8726 


8723 


8720 




47 n 


8720 


8717 


8714 


8711 


8708 


8705 


8702 


8699 


8696 


8693 


8690 




48 n 


8690 


8687 


8684 


8681 


8678 


8675 


8672 


8669 


8666 


8663 


8660 




49 n 


8660 


8657 


8654 


8651 


8ti48 


8644 


8641 


8638 


8635 


8632 


8629 




7 . 50 n 


9.998629 


8626 


8622 


8619 


8616 


.8613 


8610 


8607 


8603 


8600 


8597 
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Table B-14. Logarithms of (1/1-a) Continued 



When a is negative : 



Logo 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Proportional parts 


7 '.50 


9.998629 


8626 


8622 


8619 


8616 


8613 


8610 


8607 


8603 


8600 


8597 




51 


8597 


8594 


8590 


8587 


8584 


8581 


8577 


8574 


8571 


8568 


8564 




52 


8564 


8561 


8558 


8554 


8551 


8548 


8544 


8541 


8538 


8534 


8531 




53 


8531 


8528 


8524 


8521 


8517 


8514 


8511 


8507 


8504 


8500 


8497 




4 


5 


54 


8497 


8493 


8490 


8486 


8483 


8479 


8476 


8472 


8469 


8465 


8462 


































0.4 


I 0.5 


55 


9.998462 


8458 


8455 


8451 


8448 


8444 


8440 


8437 


8433 


8430 


8426 


1 


o.s 


1.0 


56 


8426 


8422 


8419 


8415 


8411 


8408 


8404 


8400 


8397 


8393 


8389 


( 


1.2 


1.5 


57 


8389 


8386 


8382 


8378 


8375 


8371 


8367 


8363 


8360 




8352 


4 


l.C 


2.0 


58 n 


8352 


8348 


8344 


8341 


8337 


8333 


8329 


8325 


8321 


8318 


8314 


I 


2.C 


2.5 


59 n 


8314 


8310 


8306 


8302 


8298 


8294 


8290 


8286 


8282 


8278 


8274 


6 


2.4 


3.0 


























7 


2.8 


3.5 


7.60n 


9.998274 


8271 


8267 


8263 


8259 


8255 


8251 


8246 


8242 


8238 


8234 


8 


3.2 


4.0 


61 n 


8234 


8230 


8226 


8222 


8218 


8214 


8210 


8206 


8202 


8197 


8193 


9 


3.G 


4.5 


62 n 


8193 


8189 


8185 


8181 


8177 


8172 


8168 


8164 


8160 


8156 


8151 






63 n 


8151 


8147 


8143 


8139 


8134 


8130 


8126 


8121 


8117 


8113 


8108 




64 n 


8108 


8104 


8100 


8095 


8091 


8087 


8082 


8078 


8073 


8069 


8004 




65 n 


9.998064 


8060 


8055 


8051 


8047 


8042 


8380 


8033 


8028 


8024 


8019 




6 


7 


66 n 


8019 


8015 


8010 


8006 


8001 


7997 


7992 


7987 


7983 


7978 


7973 









67 n 


7973 


7969 


7964 


7959 


7955 


7950 


7945 


7941 


7936 


7931 


7926 


1 


0.0 


0.7 


68 n 


7926 


7922 


7917 


7912 


7907 


7902 


7898 


7893 


7888 


7883 


7878 


2 


1.2 


1.4 


69 n 


7878 


7873 


7868 


7863 


7859 


7854 


7849 


7844 


7839 


7834 


7829 


3 


1.8 


2.1 


























4 


2.4 


2.8 


7.70n 


9.997829 


7824 


7819' 


7814 


7809 


7804 


7799 


7794 


7789 


7783 


7778 


5 


3.0 


3.5 


71 n 


7778 


7773 


7768 


7763 


7758 


7753 


7748 


7742 


7737 


7732 


7727 


6 


3.6 


4.2 


72 n 


7727 


7722 


7716 


7711 


7700 


7700 


7695 


7690 


7685 


7679 


7674 


7 


4.2 


4.9 


73 n 


7674 


7669 


7663 


7658 


7652 


7647 


7642 


7636 


7631 


7625 


7620 


. 8 


4.8 


5.6 


74 n 


7620 


7614 


7C09 


7603 


7598 


7592 


7587 


7581 


7576 


7570 


7565 


9 


5.4 


6.3 


75 n 


9.997565 


7559 


7553 


7548 


7542 


7537 


7531 


7525 


7519 


7514 


7508 




76 n 


7508 


7502 


7497 


7491 


7485 


7479 


7473 


7468 


7402 


7456 


7450 




77 n 


7450 


7444 


7438 


7433 


7427 


7421 


7415 


7409 


7403 


7397 


7391 




78 n 


7391 


7385 


7379 


7373 


7367 


7361 


7355 


7349 


7343 


7337 


7330 




8 


9 


79 n 


7330 


7324 


7318 


7312 


7306 


7300 


7293 


7287 


7281 


7275 


7208 

































1 


0.8 


0.9 


7.80n 


9.997268 


7262 


7256 


7250 


7243 


7237 


7231 


7224 


7218 


7211 


7205 


2 


1.6 


1 .8 


81 n 


7205 


7199 


7192 


7186 


7179 


7173 


7106 


7160 


7153 


7147 


7140 


3 


2.4 


2.7 


82 n 


7140 


7134 


7127 


7120 


7114 


7107 


7100 


7094 


7087 


7080 


7074 


4 


3.2 


3.6 


83 n 


7074 


7067 


7060 


7053 


7047 


7040 


7033 


7020 


7019 


7013 


7006 


5 


4.0 


4.5 


84 n 


7000 


6999 


6992 


6985 


6978 


6971 


6964 


6957 


6950 


6943 


6936 


6 


4.8 


.5.4 


























7 


5.6 


6.3 


85 ri 


9.996936 


6929 


6922 


0915 


6908 


6901 


6894 


6887 


6880 


6872 


6865 


8 


6.4 


7.2 


86 n 


6865 


6858 


6851 


6844 


6830 


6829 


6822 


0814 


6807 


6800 


6792 


9 


7.2 


8.1 


87 n 


6792 


6785 


0778 


6770 


0763 


0755 


6748 


0740 


6733 


6725 


6718 








88 n 


6718 


6710 


0703 


6695 


6688 


0680 


6672 


0665 


6657 


6650 


6642 




89 n 


0642 


6634 


0626 


6019 


6611 


6603 


0595 


6587 


6580 


6572 


6564 




90 n 


9.990504 


6556 


0548 


6540 


0532 


6524 


0516 


0508 


0500 


6492 


0484 




91 n 


0484 


6470 


6468 


6400 


6452 


6444 


0435 


0427 


6419 


0411 


0-103 




(0 


1 1 


92 n 


6403 


6394 


638li 


0378 


030!) 


63(i 1 


0353 


6344 


6336 


6328 


0319 








93 n 


6319 


6311 


6302 


6294 


0285 


0277 


6208 


0200 


0251 


6242 


0234 


1 


1.0 


1 . 1 


94 n 


0324 


6225 


0217 


6208 


0199 


0190 


0182 


0173 


0104 


6155 


0140 


2 


2.0 


2.2 


























3 


3.0 


3.3 


95 i) 


9.990140 


6138 


6129 


6120 


6111 


0102 


6093 


6084 


0075 


6066 


0057 


4 


4.0 


4.4 


96 n 


6057 


6048 


0039 


6030 


6021 


6012 


6003 


5993 


5984 


5975 


5960 


5 


5.0 


5.5 


97 n 


5966 


5956 


5947 


5938 


592!) 


5919 


5910 


5900 


5891 


5882 


5872 




6.0 


fi.li 


98 n 


5872 


5863 


5853 


5844 


5834 


5825 


5815 


r )805 


5796 


5786 


5777 


7 


7.0 


7.7 


99 n 


5777 


5767 


5757 


5747 


5738 


5728 


5718 


5708 


5698 


5689 


5079 


8 


8.0 


8.8 


S.OOn 


9.995679 


5669 


5659 


5649 


5639 


562!) 


5019 


5609 


5599 


5589 


5578 ! 

ll 


9 


9.0 


9.9 
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Continued 



Table B-14. T.nparithas of (1/1 -a) 



8 12.0 12.8 13.6 14.4 15.2 



6 15.0 15.6 16.2 16.8 17.4 
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Table B-14. Logarithms of (1/1-a) Continued 



When a is negative : 



Log 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Proportional parts 


8.50 
51 


9.986479 
6169 


6448 
6138 


6418 
6106 


6387 
6075 


6356 
6043 


6325 
6011 


6294 
5980 


6263 
5948 


6232 
5916 


6200 
5884 


6169 
5852 


32 


34 


36 


38 


40 


52 
53 
54 


5852 
5528 
5197 


5820 
5495 
5163 


5788 
5462 
5129 


5756 
5429 
5096 


5723 
5396 
5062 


5691 
5363 
5028 


5659 
5330 
4994 


5626 
5297 
4960 


5593 
5263 
4926 


5561 
5230 
4892 


5528 
5197 
4858 


1 3.5 

2 6 4 


fi f 


7.5 


3.! 

7 A 


4.0 
8 


10.5 


10. i 


11. < 


12.0 


55 
56 
57 
58 
59 


9.984858 
4511 
4157 
3795 
3424 


4823 
4476 
4121 
3758 
3387 


4789 
4441 
4085 
3721 
3349 


4755 
4406 
4049 
3684 
3312 


4720 
4370 
4013 
3648 
3274 


4685 
4335 
3977 
3611 
3236 


4651 
4300 
3941 
3573 
3198 


4616 
4264 
3904 
3536 
3160 


4581 
4228 
3868 
3499 
3122 


4546 
4193 
3831 
3462 
3084 


4511 
4157 
3795 
3424 
3046 


4 12. f 
5 16. C 
6 19.5 
7 22.4 
8 25. e 
9 28. 


13. f 
17. C 

20. 4 
23. S 
27.5 
30. 


14.4 
18. C 
21. C 
25.5 
28.? 
32.4 


15.5 
19. ( 
22. f 
26.6 
30.4 
34.5 


16.0 
20.0 
24.0 
28.0 
32.0 
36.0 


8.60 
61 


9.983046 
2658 


3007 
2619 


2969 
2580 


2930 
2541 


2892 
25O1 


2853 
2462 


2814 
2422 


2776 
2382 


2737 
2343 


2698 
2303 


2658 
2263 


42 


44 


46 


48 


50 


62 
63 
64 


2263 
1858 
1444 


2223 
1817 
1403 


2183 
1776 
1361 


2142 

1735 
1319 


2102 
1694 
1276 


2062 
1653 
1234 


2021 
1611 
1192 


1981 
1570 
1149 


1940 
1528 
1107 


1899 
1486 
1064 


1858 
1444 
1022 


1 4.2 
2 8.4 
3 12.6 


4.4 
8.8 
13.2 


4.6 
9.2 
13.8 


4.8 
9.6 
14.4 


5.0 
10.0 
15.0 


65 
66 
67 
68 
69 


9.981022 
0589 
9.980147 
9.979695 
9234 


0979 
0546 
0103 
9650 
9187 


0936 
0502 
0058 
9604 
9040 


0893 
0458 
0013 
9558 
9093 


0850 
0414 
'9968 
9512 
9046 


0807 
0370 
9923 
9466 
8999 


0763 
0325 
'9878 
9420 
8952 


0720 
0281 
*9832 
9373 
8904 


0677 
0237 
"9787 
9327 
8857 


0633 
0192 
'9741 
9280 
8809 


0589 
0147 
'9695 
9234 
8762 


4 16.8 
5 21.0 
6 25.2 
7 29.4 
8 33.6 
9 37.8 


17.6 
22.0 
26.4 
30.8 
35.2 
39.6 


18.4 
23.0 
27.6 
32.2 
36.8 
41.4 


19.2 
24. C 
28.8 
33.6 
38.4 
43.2 


20.0 
25.0 
30.0 
35.0 
40.0 
45.0 


8.70 
71 


9.978762 
8279 


8714 
8230 


8666 
8181 


8618 
8132 


8570 
8083 


8522 
8034 


8473 
7985 


8425 
7935 


8376 
7885 


8328 
7836 


8279 
7786 


52 


54 


56 


58 


60 


72 
73 

74 n 


7786 
7282 
6766 


7736 
7231 
6714 


7686 
7180 
6662 


7636 
7128 
6610 


7586 
7077 
6557 


7535 
7026 
6505 


7485 
6974 
6452 


7434 
6922 
6399 


7384 
6870 
6346 


7333 
6818 
6293 


7282 
6766 
6240 


1 5.2 
2 10.4 
3 15.6 


5.4 
10.8 
16.2 


5.6 
11.2 
16.8 


5.8 
11.6 
17.4 


6.0 
12.0 
18.0 


75 n 
76 n 
77 n 
78 n 
79 n 


9.976240 
5702 
5152 
4589 
4015 


6187 
5647 
5096 
4532 
3957 


6133 
5593 
5040 
4475 
3898 


6080 
5538 
4983 
4418 
3840 


6026 
5483 
4928 
4361 
3781 


5972 
5428 
4872 
4304 
3723 


5918 
5373 
4816 
4246 
3664 


5864 
5318 
4759 
4188 
3605 


5810 
5262 
4703 
4131 
3546 


5756 
5207 
4646 
4073 
3487 


5702 
5152 
4589 
4015 
3428 


4 20.8 
5 26.0 
6 31.2 
7 36.4 
8 41.6 
9 46.8 


21.6 
27.0 
32.4 
37.8 
43.2 
48.6 


22.4 
28.0 
33.6 
39.2 
44.8 
50.4 


23.2 
29.0 
34. -8 
40.6 
46.4 
52.2 


24.0 
30.0 
36.0 
42.0 
48.0 
54.0 


8.80n 


9.973428 


3368 


3309 


3249 


3189 


3129 


3069 


3009 


2949 


2888 


2828 


62 


64 


60 


68 


70 


81 n 


2828 


2767 


2706 


2645 


2584 


2523 


2461 


2400 


2338 


2276 


2215 












82 n 


2215 


2153 


2090 


2028 


1966 


19O3 


1840 


1777 


1714 


1651 


1588 


I 6.2 


6.4 


a e 


6 8 


7 


83 n 


1588 


1525 


1461 


1398 


1334 


1270 


1206 


1141 


1077 


1013 


0948 


2 12.4 


12.8 


13.2 


13 6 


14 


84 n 


0948 


0883 


0818 


0753 


0688 


0623 


0557 


0492 


0426 


0360 


0294 


3 18.6 


19.2 


19.8 


20.4 


21.0 


85n 
86 n 


9.970294 
9.969626 


0228 
9558 


0161 
9490 


0095 
9422 


0028 
9354 


'9962 
9286 


9895 
9218 


9828 
9149 


9760 
9081 


9693 
9012 


9626 
8943 


4 24.8 
5 31.0 
6 37.2 


25.6 
32.0 
38.4 


26.4 
33.0 
39.6 


27.2 
34.0 
40 8 


28.0 
35.0 
42 


87 n 


8943 


8874 


8804 


8735 


8666 


8596 


8526 


8456 


8386 


8316 


8245 


7 43.4 


44.8 


46.2 


47 6 


49 


88 n 


8245 


8175 


8104 


8033 


7962 


7891 


7819 


7748 


7676 


7604 


7532 


8 49.6 


51.2 


52.8 


54.4 


56 


89 n 


7532 


7460 


7388 


7316 


7243 


7170 


7097 


7024 


6951 


6878 


6804 


9 55.8 


57.6 


59.4 


61.2 


63.0 


90 n 
91 n 


9.966804 
6061 


6731 
5985 


6657 
5910 


6583 
5834 


65O9 
5759 


6435 
5683 


6360 
5607 


6285 
5531 


6211 
5454 


6136 
5378 


-6061 
5301 


72 


74 


76 


78 


80 


92 n 


5301 


5224 


5147 


5070 


4992 


4915 


4837 


4759 


4681 


4603 


4525 


I 7.2 


7 4 


7 6 


7 8 


8 


93 n 
94 n 


4525 
3732 


4446 
3652 


4368 
3571 


4289 
3491 


4210 
3410 


4130 
3329 


4051 
3248 


3972 
3167 


3892 
3086 


3812 
3004 


3732 
2922 


2 14.4 
3 21.6 


14.8 
22.2 


15.2 
22.8 


15.6 
23.4 


16.0 
24.0 


95 n 
96 n 
97 n 
98 n 
99 n 


9.962922 
2095 
1251 
9.960388 
9.959507 


2840 
2012 
1165 
0301 
9418 


2758 
1928 
1080 
0213 
9329 


2676 
1844 
0994 
0126 
9239 


2594 
1760 
0908 
0038 
9149 


2511 
1675 
0822 
9950 
9059 


2428 
1591 
0735 
9862 
8969 


2345 
1506 
0649 
9773 
8879 


2262 
1421 
0562 
'9685 
8789 


2179 
1336 
0475 
9596 
8698 


2095 
1251 
0388 
'9507 
8607 


4 28.8 
5 36.0 
6 43.2 
7 50.4 
8 57.6 
9 64.7 


29.6 
37.0 
44.4 
51.8 
59.2 
66.6 


30.4 
38.0 
45.6 
53.2 
60.8 
68.4 


31.2 
39.0 
46.8 
54.6 
62.4 
70.2 


32.0 
40.0 
48.0 
56.0 
64.0 
72.0 


.00n 


9.958607 


8516 


8425 


8334 


8242 


8150 


8058 


7966 


7874 


7781 


7689 


82 


84 


86 


88 


90 


























1 8.2 


8.4 


8.6 


8.8 


9.0 


























2 16.4 


16.8 


17.2 


17.6 


18.0 


























3 24.6 


25.2 


25.8 


26.4 


27.0 


























4 32.8 


33.6 


34.4 


35.2 


36.0 


























5 41.0 


42.0 


43.0 


44.0 


45.0 


























B 49.2 


50.4 


51.6 


52.8 


54.0 


























7 57.4 


58.8 


60.2 


61.6 


63.0 


























3 65.6 


67.2 


68.8 


70.4 


72.0 


























5 73.8 


75.6 


77.4 


79.2 


81.0 
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(From meters to inches or millimeters of mercury) 

For in Hg, P- 29.9212 f 87 " 783 ' ; 0198h ' 

\ o/ . / oJ / 



For mm Hg, P= 760 



87.783 - 0.00198h 



r 



256 



87.783 
\ 

Where: h is the reduced altitude in meters. 

(When the altimeter reading is in feet, convert reduced altitude in feet to 
meters) (meters - feet x 0.3048) 



Jtitude 


Barometric 


Altitude 


Barometric 


Altitude 


Barometric 


meters) 


Pressure 


(meters) 


Pressure 


(meters) 


Pressure 


h 


in Hg 


mm Hg 


h 


in Hg 


mm Hg 


h 


in Hg 


mm Hg 


-400 


31.367 


796.72 


1250 


25.745 


653.92 


2900 


20.968 


532.59 


-350 


31.184 


792.07 


1300 


25.589 


649.96 


2950 


20.835 


529.21 


-300 


31.001 


787.43 


1350 


25.433 


645.99 


3000 


20.703 


525.86 


-250 


30.819 


782.80 


1400 


25.278 


642.06 


3050 


20.572 


522.53 


-200 


30.637 


778.18 


1450 


25.123 


638.12 


3100 


20.442 


519.23 


-150 


30.457 


773.61 


1500 


24.970 


634.24 


3150 


20.312 


515.92 


-100 


30.278 


769.06 


1550 


24.817 


630.35 


3200 


20.182 


512.62 


- 50 


30.099 


764.51 


1600 


24.665 


626.49 


3250 


20.054 


509.37 





29.921 


760.00 


1650 


24.513 


622.63 


3300 


19.926 


506.12 


+ 50 


29.744 


755.50 


1700 


24.363 


618.82. 


3350 


19.799 


502.89 


100 


29.568 


751.03 


1750 


24.213 


615.01 


3400 


19.672 


499.67 


150 


29.393 


746.58 


1800 


24.064 


611.22 


3450 


19.546 


496.47 


200 


29.219 


742.16 


1850 


23.916 


607.47 


3500 


19.421 


493.29 


250 


29.045 


737.74 


1900 


23.768 


603.71 


3550 


19.296 


490.12 


300 


28.872 


733.35 


1950 


23.621 


599.97 


3600 


19.172 


486.97 


350 


28.700 


728.98 


2000 


23.475 


596.27 


3650 


19.049 


483.84 


400 


28.529 


724.64 


2050 


23.330 


592.58 


3700 


18.926 


480.72 


450 


28.359 


720.32 


2100 


23.185 


588.90 


3750 


18.804 


477.62 


500 


28.190 


716.03 


2150 


23.041 


585.24 


3800 


18.682 


474.52 


550 


28.021 


711.73 


2200 


22.898 


581.61 


3850 


18.561 


471.45 


600 


27.853 


707.47 


2250 


22.756 


578.00 


3900 


18.441 


468.40 


650 


27.686 


703.22 


2300 


22.614 


574,40 


3950 


18.322 


465.38 


700 


27.520 


699.01 


2350 


22.473 


570.81 


4000 


18.203 


462.36 


750 


27.355 


694.82 


2400 


22.333 


567.26 


4050 


18.085 


459.36 


800 


27.190 


690.63 


2450 


22.193 


563.70 


4100 


17.967 


456.36 


850 


27.026 


686.46 


2500 


22.054 


560.17 


4150 


17.850 


453.39 


900 


26.864 


682.35 


2550 


21.916 


556.67 


4200 


17.734 


450.44 


950 


26.701 


678.21 


2600 


21.778 


553.16 


4250 


17.618 


447.50 


1000 


26.540 


674.12 


2650 


21.642 


549.71 


4300 


17.503 


444.58 


1050 


26.380 


670.05 


2700 


21.506 


546.25 


4350 


17.388 


441.66 


1100 


26.220 


665.99 


2750 


21.370 


542.80 


4400 


17.274 


438.76 


1150 


26.061 


661.95 


2800 


21.235 


539.37 


4450 


17.161 


435.89 


1200 


25.903 


657.94 


2850 


21.101 


535.97 


4500 


17.048 


433.02 


1250 


25.745 


653.92 


2900 


20.968 


532.59 








The inches of Hg values in this table were computed from the formula and the ran 


of Hg values were computed from the inch values. 
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APPENDIX C 
TRIGONOMETRIC FUNCTIONS (TIME) 



This appendix is an exact duplication of the Tables of the Natural Values of the Four Trigonometrica 
Functions SINE, TANGENT, COTANGENT, COSINE for Every Second of Time in the Quadrant gen 
erally to SEVEN DECIMALS, 2d Edition, 1958. 

The material in this table is British Crown copyright and is reproduced with the permission of the Con 
troller of Her Britannic Majesty's Stationery Office. No further reproduction without the Controller'; 
agreement is permissible. 

THIS APPENDIX IS RESTRICTED TO THE UNITED STATES ARMED FORCES. 



C- 



5-442 



OF- m 



sin. 



a 



tan 



00 0-000 0000 

01 -ooo 0727 

| 02 '000 1454 

03 -ooo 2182 
I 04 -ooo 2909 

! 05 o-ooo 3636 
06 * -ooo 4363 

07-000 5091 

I 08 -ooo 5818 
! 09 -ooo 6S4S 

xo o-ooo 727* 

XX -0007999 

i3 I -ooo 8727 

13 -ooo 9454 

14 I -ooi 0181 



00-389 
cot 



o-ooooooo 
ooo 0727 

000 1454 
;OOO .2l82 

0002909 

o-ooo 3636 
ooo 4363 
ooo 5091 
ooo 5818 
ooo 6545 

o-ooo 7273 
ooo 7999 
ooo 8727 
0009454 
ooi 0181 



o-3_ 
COS 



15 o-ooi 0908 

16 -ooi 1636 

17 -ooi 2363 
x8 -ooi 3090 
19 -ooi 3817 

ao o-ooi 4544 

31 -001 527* 

33 -ooi 5999 
I 33 -ooi 6726 

34 -ooi 7453 

, 35 o-ooi 8181 

36 -ooi 8908 

I 37 -ooi 9635 

I 38 -002 0362 

39 -002 1089 

30 0-002 l8l7 

31 -002 2544 

33 -O02 3271 

I 33 -002 3998 

34 | -002 47*5 



o-ooi 0908. 
ooi 1636 
ooi 2363 
ooi 39 
ooi 3817 

o-ooi 4544 
ooi 5272 
ooi 5999 
ooi 6726 
ooi 7453 

o-ooi 8181 
ooi 8908 
ooi 9635 

002 0362 
.002 1089 

o-do2 1817 

002 2544 
002 37I 
002 3998 
002 4726 



oo 

i375i-o 
6875-5 

3437-7 
2750-2 

2291*8 

1964-4 
1718-9 
15*7-9 

1375-1 
1250- 1 
H45-9 
1057-8 
982-21 

916-73 
859-44 
808-88 

723-74 

687-55 
654-81 
625-04 
597-87 
572-96 

550-04 
528-88 
509-30 
491-11 
474- 7 



35 0-002 5453 

36 -ooa 6180 

37 -002 6907 

I 38 -002 7634 

39 -002 8361 

40 0-002 0089 

41 -002 9816 
I 43 -003 0543 

| 43 -0031270 

44 -003 1998 

I 45 0-003 2725 

46 -003 3452 

47 -0034179 

48 -003 49>7 

49 -003 5^34 



0-002 5453 
-002 6180 
ooa 6007 
002 7634 

002 8362 

o-oo* 9089 

002 9816 

003 0543 
003 1271 
003 1998 

0-003 2725 
003 3452 
003 4179 
.003 4907 
003 5634 



50 I 0-003 6361 

51 I -003 7088 

52 -003 78i5 

53 -003 8543 

54 -003 9*7 

55 0-003 9997 

56 -004 0724 

57 -004 i4Si 

58 -004 *I79 
! 59 -004 2906 

i 60 0-004 3633 



C-2 



0-003 6361 
003 7088 
003 7816 
003 8543 
003 927 

0-003 9997 
004 0725 
004 1452 
0042179 
004 2906 



458-37 

443-58 

429-72 

416-70 

404-44 
392-88 
381-97 
37I-6S 
361-87 
352-59 

343-77 
335-39 
327-40 
319-79 
312-52 

305-58 
298-93 
292-57 
286-48 
280-63 

275-02 
269-63 
264-44 
259-45 
254-65 

250-02 
245-55 
241-24 
237-08 

233-07 



I-OOO OOOO 
1-000 0000 
I-OOO OOOO 
I-OOO OOOO 
I-OOO OOOO 

0-999 9999 
999 9999 
999 9999 
999 9998 
999 9998 

0-999 9997 
999 9997 
999 9996 
999 9996 
999 9995 

0-999 9994 
999 9993 
999 999 
999 9991 
999 9990 

| 0-999 9989 
999 9988 
999 9987 
999 99 86 
999 99 8 5 

0-999 99 8 3 
999 99 8 2 
999 998i 
999 9979 
999 9978 

0-999 9976 
999 9975 
999 9973 
999 9971 
999 9969 



728-727 

sin 

0-004 3633 
004 4360 
004 5088 
0045815 
004 6542 

0-004 7269 
004 7996 
-004 8724 
004 9451 
-005 0178 

0-005 0905 
005 1632 
005 2360 
005 3087 
005 3814 

0-005 4541 
005 5268 
005 5996 
005 6723 
005 7450 



^WB 

727-728 

tan 

0-004 3634 
0044361 

004 5088 
004 5815 
004 6542 

0-004 7270 
004 7997 
004 8724 
004 9451 
-005 oi79 

0-005 0906 
005 1633 
005 2360 
005 3088 
005 3815 

0-005 4542 
-005 5269 
005 5997 
005 6724 
005 7451 



0-999 99 6 8 
999 9966 
9999964 
999 9962 
999 99 6 

o>999 9958 
999 995 6 
999 9953 
999 99Si 
999 9949 

0-999 994 6 
999 9944 
999 9942 
-999 9939 
999 9937 

o-999 9934 
999 993 * 
999 9938 
999 9926 
999 9923 

0-999 9920 
999 9917 
999 9914 
999 991 1 
999 99<>8 



0-005 8i77 
005 8905 
005 9632 
006 0359 
-006 1086 

0-006 1813 
006 2541 
-006 3268 
006 3995 
-006 4722 

0-006 5449 
006 6177 
006 6904 
0067631 
006 8358 

0-006 0085 
006 9813 
007 0540 
007 1267 
007 1994 



0-005 8178 
005 8906 
005 9633 
006 0360 
006 1087 

0-006 1815 
006 2542 
006 3269 
006 3996 
006 4724 

0-006 545 1 
006 6178 
0066905 
006 7633 
006 8360 

0-006 9087 
006 9814 
007 0542 
007 1269 
007 1996 



229-182 
225-425 
221-789 
218-268 
214-858 

211-552 
208-347 
205-237 
202-219 
199-288 

196-441 
193-674 
190-984 
188-368 
185-822 

183-345 
180-932 
178-582 
176-293 
174-061 

171-885 
169-763 
167-693 

165-673 
163-700 

i6i-774 
159-893 
158-055 
156-259 
I54-503 

152-787 
151-108 
149-465 
147-858 
146-285 

144-745 
143-237 
141-760 

140-314 
138-896 



0-007 2721 
007 3449 
-007 4176 
007 4903 
007 5630 

0-007 6357 
007 7085 
007 7812 
007 8539 
007 9266 

0-007 9993 
008 0721 
008 1448 
008 2175 
008 2902 



0-007 2723 
007 345 1 
007 4178 
007 4905 
007 5632 

0-007 6360 
007 7087 
007 7814 
007 8541 
007 9269 

0-007 9996 
-008 0723 
008 1450 
008 2178 
008 2905 



I37-507 
136-146 
134-811 
I33-502 
132-219 



0-999 9905 

999 9902 59 

999 9898 5 

999 9895 57 

999 9892 56 

0-999 9888 55 
-999 9885 54 
-999 9881 S3 
999 9878 5* 
9999874' 

0-999 9870 1 5 
999 9867 49 
-999 9863 48 
999 9859 47 
999 9855 46 

0-999 9851 45 
999 9847 44 
999 9843 43 
999 9839 4a 
999 9835 | 41 

999 9827 39 

.999 9822 38 

.999 9818 37 

.999 9813 3* 

0-999 9809 35 

.999 9804 34 

-999 9800 33 

999 9795 33 

999 9791 3* 

0-999 9786 30 
999978i | -- 
999 9776 
999 9771 - 
999 9766 | a6 

0-999 976- 
999 9756 
9999751 23 
999 9746 | 33 
999 974i 

0-999 9736 
999 9730 19 
999 9725 l8 
999 9719 I 
99997U 1 



0-008 3629 
008 4357 
008 5084 
008 5811 
-008 6538 



229-18 0-9999905 0-0087265 



COS 


cot 


tan 


sin 



COS 



0-008 3632 
008 4360 
008 5087 
008 5814 
008 6541 

0-008 7269 
cot 



389-00 



130-959 
I29-724 
128-511 
127-321 
126-153 

125-006 
123-880 
122-774 
121-687 
120-620 

II9-57I 
118-540 

II7-527 
116-531 
"5-552 

114-589 

tan 



0-9999708 15 

999 9703 I 

999 9697 ' - 

999 9692 12 

-999 9686 II 

0-999 9680 10 
999 9674 9 
999 9668 1 08 
999 9662 07 
-999 9656 06 

0-999 9650 05 

999 9644 4 

999 9638 3 

999 9632 oa 

999 9626 01 

0-999 9619 

sin 



5" 59" 



728-727 963-3757 
5" 58 m 



7-3 



O h 02 m 



0* 03' 



5-442 



d 


728-727 


727-728 


947-427 


6-10 


728-727 


727-728 


422-240 


9-13 


d 




sin 


tan 


cot 


COS 


sin 


tan 


cot 


cos 


s 
oo 


0-008 7265 


0-008 7269 


114-589 


0-999 96i9 


0-013 0896 


0-013 0907 


76-390 


0-999 9143 


60 


ox 


008 7993 


008 7996 


113-642 


999 9613 


013 1623 


013 1635 


75-968 


999 9134 


59 


02 


008 8720 


008 8723 


112-710 


999 9606 


013 2350 


013 2362 


75-550 


999 94 


58 


03 


008 9447 


008 9451 


i it -794 


999 9600 


013 3077 


013 3089 


75-138 


999 9"4 


57 


04 


009 0174 


009 0178 


110-892 


999 9593 


013 3805 


013 3817 


74.729 


999 9105 


56 


05 


0-009 9 01 


0-009 O9O5 


110-005 


0-999 9587 


0-013 4532 


0-013 4544 


74-325 


0-9999095 


55 


06 


009 1629 


009 1632 


109-132 


999 9S8o 


013 5259 


013 5271 


73.926 


999 9085 


54 


07 


009 2356 


009 2360 


108-272 


999 9574 


013 5986 


013 5999 


73-530 


999 9<>75 


53 


08 


009 3083 


009 3087 


107-426 


999 9567 


013 6713 


013 6726 


73-139 


999 9<>65 


53 


09 


009 3810 


009 3814 


106-594 


999 956o 


013 7440 


013 7453 


72-752 


999 9055 


5 


IO 


0-009 4537 


0-009 4S4i 


ios-774 


0-999 9553 


0-013 8168 


0-013 8181 


72-369 


0-999 9045 


5 


II 


009 5264 


009 5269 


104-966 


999 9546 


013 8895 


013 8908 


71-990 


999 9035 


49 


12 


009 5992 


009 5996 


104-171 


999 9539 


-013 9622 


013 9635 


71-615 


999 9025 


48 


13 


009 6719 


009 6723 


103-388 


999 9532 


014 0349 


014 0363 


71-244 


999 9015 


47 


14 


009 7446 


009 7451 


102-616 


999 9525 


014 1076 


014 1090 


70-877 


999 9<x>5 


46 


15 


0-009 8173 


0-009 8178 


101-856 


0-999 95i8 


0-014 1803 


0-014 1818 


70-513 


0-999 8995 


45 


16 


009 8900 


009 8905 


101-107 


99995" 


014 2530 


014 2545 


70-153 


999 8984 


44 


*7 


009 9628 


009 9633 


100-369 


999 9504 


014 3258 


014 3272 


69-797 


999 8974 


43 


18 


oio 0355 


oio 0360 


99-641 


999 9496 


014 3985 


014 4000 


69-445 


999 8963 


4 


19 


oio 1082 


oio 1087 


98-925 


999 9489 


0144712 


014 4727 


69-096 


999 8953 


4* 


20 


o-oio 1809 


o-oio 1814 


98-218 


0-999 9482 


0-014 5439 


0-014 5454 


68-750 


0-999 8942 


40 


21 


oio 2536 


oio 2542 


97-521 


999 9474 


014 6166 


-014 6182 


68-408 


999 8932 


39 


22 


oio 3263 


oio 3269 


96-834 


999 9467 


014 6893 


014 6909 


68-069 


999 8921 


38 


33 


oio 3991 


oio 3996 


96-157 


999 9459 


014 7620 


014 7636 


67.734 


999 8910 


37 


34 


oio 4718 


oio 4724 


95-489 


999 9452 


014 8348 


014 8364 


67.402 


999 8900 


36 


35 


o-oio 5445 


o-oio 5451 


94-831 


0-999 9444 


0-014 9075 


0-014 9091 


67-073 


0-999 8889 


35 


26 


oio 6172 


oio 6178 


94-181 


999 9436 


014 9802 


014 9819 


66-747 


999 8878 


34 


27 


oio 6899 


oio 6905 


93-541 


999 9429 


0150529 


015 0546 


66-425 


-999 8867 


33 


28 


oio 7627 


oio 7633 


92-908 


999 9421 


015 1256 


015 1273 


66-105 


999 8856 


3* 


29 


oio 8354 


oio 8360 


92-5185 


999 9413 


015 1983 


015 2OOI 


65-789 


999 8845 


31 


3 


o-oio 9081 


o-oio 9087 


91-670 


0-999 9405 


0-015 2710 


O'OIS 2728 


65-476 


0-999 8834 


30 


3 1 


oio 9808 


oio 9815 


91-062 


999 9397 


015 3438 


015 3456 


65-165 


999 8823 


29 


3* 


on 0535 


on 0542 


90-463 


999 9389 


015 4165 


015 4183 


64-858 


-999 8812 


28 


33 


on 1262 


on 1269 


89-872 


999 938i 


015 4892 


015 4910 


64-553 


999 8800 


37 


34 


on 1990 


on 1997 


89-288 


999 9373 


015 5619 


015 5638 


64-252 


999 8789 


36 


35 


o-on 2717 


o-oii 2724 


88-712 


0-999 9365 


0-015 6346 


0-OIS 6365 


63-953 


o-999 8778 


35 


36 


on 3444 


on 3451 


88-144 


999 9357 


015 7073 


015 7093 


63-657 


999 8766 


34 


37 


on 4171 


on 4179 


87-582 


999 9348 


015 7800 


015 7820 


63-363 


999 8755 


33 


38 


on 4898 


on 4906 


87-028 


999 934 


015 8527 


015 8547 


63-073 


999 8743 


32 


39 


on 5625 


on 5633 


86-480 


999 9332 


015 9255 


015 9275 


62-785 


999 8732 


21 


4<> 


o-on 6353 


o-oii 6361 


85-940 


0-999 9323 


0-015 9982 


0-016 0002 


62-499 


0-999 8720 


20 


41 


on 7080 


on 7088 


85-406 


9999315 


016 0709 


016 0730 


62-216 


999 8709 


19 


42 


on 7807 


on 7815 


84-879 


999 93o6 


016 1436 


016 1457 


61-936 


999 8697 


18 


43 


on 8534 


on 8542 


84-358 


999 9297 


016 2163 


016 2184 


61-658 


-999 8685 


17 


44 


on 9261 


on 9270 


83-844 


999 9289 


016 2890 


016 2912 


61-383 


999 8673 


16 


45 


o-oii 9989 


o-oii 9997 


83-335 


0-999 9280 


0-016 3617 


0-016 3639 


61-110 


0-999 8661 


*5 


46 


012 0716 


012 0724 


82-833 


999 927i 


016 4344 


01 6 4367 


60-840 


909 8649 


14 


47 


012 1443 


012 1452 


Sz-337 


999 9263 


016 5072 


01 6 5094 


60-572 


999 8637 


13 


48 


012 2170 


012 2179 


81-847 


999 9254 


01 6 5799 


016 5821 


60-306 


999 8625 


12 


49 


012 2897 


OI2 2906 


81-363 


999 9245 


016 6526 


016 6549 


60-042 


999 8613 


II 


50 


O-OI2 3624 


0-012 3634 


80-884 


0-999 9236 


0-016 7253 


0-016 7276 


59-78i 


0-999 8601 


10 


51 


012 4352 


012 4361 


80-41 1 


999 9227 


016 7980 


016 8004 


59-522 


999 8589 


09 


52 


012 5079 


012 5088 


79-943 


9999218 


016 8707 


016 8731 


59-266 


999 8577 


08 


53 


012.5806 


012 5816 


79-481 


999 9209 


016 9434 


016 9459 


59-011 


999 8564 


07 


54 


0126533 


012 6543 


79-024 


999 9199 


017 0161 


-017 0186 


58-759 


999 8552 


06 


55 


0-012 7260 


O-OI2 7270 


78-573 


0-999 9190 


0-017 0889 


0-017 9'3 


58-509 


0-999 8540 


05 


56 


012 7987 


012 7998 


78-126 


-999 9181 


-017 1616 


017 1641 


58-261 


999 8527 


04 


57 


012 8714 


OI2 8725 


77-685 


999 9172 


017 2343 


017 2368 


58-015 


999 8515 


03 


58 


012 9442 


012 9452 


77-248 


999 9162 


017 3070 


017 3096 


57-771 


999 8502 


03 


59 


013 0169 


013 Ol8o 


76-817 


999 9153 


017 3797 


017 3823 


57-530 


999 8490 


ox 


60 


O'013 0896 


0-013 0907 


76-390 


0-999 9143 


0-017 4524 


0-017 4551 


57-200 


0-9998477 


oo 

8 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 




d 


727-728 


728-727 


427-947 


10-6 


727-728 


728-727 


240-422 


13-9 


d 



5" 57" 



5 h 56- 



C-3 



O h 05' 



oo 
oz 

03 

03 
04 

05 
06 

7 
08 



10 

XI 
12 
13 



36 

17 

18 
19 

30 
31 
23 



36 

37 
38 



0-017 4524 
017 5 
017 5978 
017 6705 
017 7432 

0-017 8160 
017 8887 
017 9614 
018 0341 
018 1068 

0-018 1795 
018 2522 
018 3249 
018 3976 
018 4704 

0-018 5431 
-018 6158 
-018 6885 
018 7612 
-018 8339 

0-018 9066 
018 9793 
019 0520 
019 "47 
019 1974 

0-019 2702 
019 3429 
0194156 
019 4883 
019 5610 

0-019 6337 
019 7064 
019 7791 
0198518 

019 9245 
0-019 0972 

020 0699 
O2O 1426 
I -0202154 
020 288l 

0-O20 3608 

020 4335 

020 5062 
020 5789 
O2O 6516 



0-017 8188 
017 8915 
017 9643 

018 0370 
-018 1098 

0-018 1825 
-018 2553 
018 3280 
018 4008 
018 4735 

0-018 5462 
018 6190 
018 6917 
01 8 7645 
-oi 8 8372 

0-018 9100 
oi 8 9827 
019 0555 
019 1282 
.019 2010 

0-019 2737 
019 3465 
019 4192 
019 4920 
019 5647 

0-019 6375 
019 7102 
019 7830 
019 8557 
019 9285 



57-2900 
57-0522 
56-8164 
56-5825 
56-3506 

56-1205 
55-8924 
55-6660 

55-4415 
55-2188 

54-9979 
54-7787 
54-5613 



54-1316 

53-9193 
53.7086 



53-2921 
53-0863 

52-8821 
52-6794 
52-4783 
52-2787 
52-0807 



0-999 8477 
999 8464 
.9998451 

999 8439 
999 8426 

0-999 8413 
999 8400 

999 8387 
999 8374 
999 8361 

0-999 8347 
999 8334 
999 8321 
999 8307 
999 8294 

0-999 8281 
999 8267 
999 8254 
999 8240 
999 8226 

0-999 8213 
999 8i99 
999 8185 
999 8i7i 
999* 



0-021 8149 
-021 8876 
021 9603 

022 0330 
022 1057 

0-022 1784 
-022 2511 
022 3238 
022 3965 
022 4692 



0-022 
022 6146 
022 6873 
-022 7600 
022 8327 



0-021 8201 
02 i 8928 

-O2I 9656 
022 0383 
022 II 1 1 

0-022 l839 
022 2566 
022 3294 
O22 4021 

022 4749 

0-022 5477 
-022 6204 

022 6932 
022 7659 
022 8387 



1 
1524-1064 


^j6-io__]_d| 


cot 


COS 


45-8294 
45-6770 
45-5257 



0-999 7620 60 
999 7604 59 
999 7588 5 


45-3755 
45-2261 


999 7572 57 
999 7556 56 


45-0778 


0-999 7540 55 


44-9304 
44-7840 


999 7524 54 
999 7508 53 


44-6386 


999 7492 5* 


44-4941 

. 1 ij.-l tfOC 


999 7475 5* 
0-009 7459 5 



\ 0-020 7243 
020 7970 
020 8697 I 
020 9424 
021 0151 

I O-02I 0878 
O21 1605 
021 2332 
021 3059 
021 3787 



0-O2O OOI2 
020 0740 
020 1467 
020 2195 
O2O 2922 

0-020 3650 

020 4377 

020 5105 
020 5832 
O20 6560 

0-020 7288 
.0208015 
020 8743 

020 947 

O2I 0198 



51-8841 
51-6890 
51-4954 
51-3032 
51-1124 

50-9230 
50-7351 
50-5485 
50-3633 
50-1794 

49-8157 

49-4572 
49-2799 

49-1039 
48-9291 

48-7555 
48-5832 
48-4121 



0-999 8i43 
999 8129 

999 8" 5 
999 8101 
999 8087 

0-999 8072 

999 8058 

999 8044 

999 8029 

999 8015 

0-999 8000 

999 7986 

999 797i 

999 7956 

9997942 

0-999 7927 
999 7912 
999 7897 
.999 7882 
999 7867 



0-022 9054 
022 978l 
023 OS 08 
023 1236 

023 1963 

0-023 2600 
023 3417 

023 4144 
023 4871 
023 5598 

0-023 6325 
023 7052 

023 7779 
023 8506 
023 9233 

0-023 9960 
024 0687 
024 1414 
0242141 
024 2868 

0-024 3595 
024 4322 
024 5049 
024 5776 
024 6503 

0-024 723 
024 7957 
024 8684 
-02404" 
025 0138 



0-022 . . 

022 9842 
O23 057O 
023 1297 
-023 2025 



0-023 2753 
023 3480 
023 4208 
023 4935 
023 5663 

0-023 6391 
023 71 18 
023 7846 
023 8574 
023 93i 

0-024 0029 
024 0756 
024 1484 

-024 2212 
-024 2939 

0-024 3667 
024 4395 
024 5122 
024 585 
024 6578 



021 
O2 1 



( 0-021 45H 
021 5M1 
021 5968 
021 6695 
021 7422 

0-021 8l49 



0-021 0925 
021 1653 
021 2380 
021 3108 
021 3835 

0-021 4563 
021 5291 
O21 6018 
021 6746 

021 7473 



48-2422 
48-0734 
47-0059 

47-7395 
47-5743 

47-4102 
47-2472 
47-o853 
46-9246 

46-7649 

46-6064 
46-4489 
46-2924 
46-1370 



0-999 7852 
999 7837 
999 7822 
999 7807 
999 7792 

0-999 7776 
999 776i 
999 7745 
999 7730 
9997715 

0-999 7699 
999 7683 
.999 7668 

999 7652 
999 7636 



0-024 7305 
024 8033 
024 8761 
024 9488 
025 0216 



44-2079 
44-0661 
43-9253 
43-7853 

43-6463 
43-5081 
43-3708 
43-2344 
43-0988 

42-9641 
42-8302 

42-6971 
42-5649 
42-4335 

42-3029 
42-1730 
42-0440 

41-9158 
41-7883 

41-6617 
41-5357 
41-4106 
41-2862 
41-1625 

41-0396 
40-9174 
40-7959 
40-6752 
40-5S52 

40-435 8 
40-3172 
40-I993 
40-0820 

39-9655 



999 7443 
999 7426 
999 741 
999 7393 

0-999 7376 
999 736o 
999 7343 
999 7326 
999 7309 
0-999 7292 
999 7275 
999 7258 
999 724i 
999 7224 

0-999 7207 
999 7190 
999 7173 
9997155 
999 7138 1 



49 
4* 
47 
4 6 



45 
44 
43 
4* 
41 

40 
39 
38 
37 
36 

35 
34 
33 
3* 
31 



3i 



0-025 0865 
025 1592 
025 2319 
025 3046 
025 3773 

0-025 45 
025 5227 
025 5954 
025 6681 
025 74o8 

0-025 8i35 
025 8862 
025 9589 
026 0316 
026 1043 



0-025 0944 
025 1671 
025 2399 
025 3127 
025 3854 

0-025 4582 
025 531 
025 6038 
025 6765 
025 7493 

0-025 8221 
025 8948 
025 9676 
026 0404 
026 1131 



45-8294 0-9997620 0-026,769 0-0261859 



39-8496 
39-7343 
39-6198 

39-5059 
39-3926 

39-2800 
39-1681 
39-0568 
38-9461 
38-8360 

38-7266 
38-6177 
38-5095 
38-4019 
38-2949 

38-1885 



0-999 7121 30 
999 7103 9 
999 7086 38 
999 768 I *7 
999705! 

0-999 7033 
999 7015 
999 6997 
999 6979 
999 6961 

0-999 6943 
999 6925 
999 6907 
999 6889 ' 
-999 6871 

0-999 6853 I *5 
999 6835 M 
.999 6816 13 
999 6798 
999 6779 I " 



0-999 6761 
999 6742 
999 6724 | 
-999 6705 
-999 6687 

0-999 6668 1 
999 6649 
999 6630 
999 6611 
999 6592 

0-999 6573 



tan 





726-728 



C-4 



TM 5-442 



727-726 

sin 

1 0-026 1769 
026 2496 
026 3223 
026 3950 
026 4677 

05 1 0-026 5404 

06 -026 6131 

07 I -026 6858 

026 7585 
026 8312 

ro [ 0-026 9039 
026 9766 
027 0493 

O27 I22O 
14 j -027 1947 

*5 0-027 2674 

16 I -027 3401 
027 4128 

027 4855 
027 5582 



O h 07"" 



19 

20 



aa 



0-027 6309 
027 7036 
-027 7763 

027 8489 
027 9216 

I 0-027 9943 
028 0670 
028 1397 
028 2124 
028 2851 

0-028 3578 
028 4305 
028 5032 
028 5759 
028 6486 

I 0-028 7213 
028 7940 
028 8666 
028 9393 
029 0120 

0-029 0847 
029 1574 
029 2301 
029 3028 
029 3755 



727-728 

tan 

0-026 1859 
026 2587 
026 3315 
026 4042 
026 4770 

0-026 5498 
026 6226 
026 6953 
026 7681 
026 8409 

0-026 9137 
026 9864 
027 0592 
027 1320 
027 2048 

0-027 2775 
027 3503 
027 4231 
027 4959 
027 5686 



38-1885 
38-0826 
37-9774 

37-7686 

37-6651 
37-5621 
37-4597 
37-3579 
37-2566 



0-029 4482 
029 5209 
029 5936 
029 6662 
029 7389 

! 0-029 8116 
029 8843 
029 9570 
030 0297 
030 1024 

[ 0-030 1751 
030 2478 
030 3204 
030 393i 
030 4658 

I 0-030 5385 



0-027 6414 
027 7142 
027 7870 
027 8598 
027 9325 

0-028 0053 
028 0781 
028 1509 
028 2236 
028 2964 

0-028 3692 
028 4420 
028 5148 
028 5876 
028 6603 

0-028 7331 
028 8059 
028 8787 
028 9515 
029 0242 

0-029 0970 
029 1698 
029 2426 
029 3154 
029 3882 



COS 



0-029 4610 

29 5337 
029 6065 
029 6793 
029 7521 

0-029 8249 
029 8977 
029 9705 
030 0432 
030 n6o 

0-030 1888 
030 2616 
030 3344 
030 4072 
030 4800 

0-030 5528 



37-1559 
37-0557 
36-9560 
36-8569 
36-7583 

36-6602 
36-5627 
36-4656 
36-3691 
36-2731 

36-I776 
36-0826 
3S-988i 
35-8941 
35-8oo6 

35-7075 
35-6150 

35-4313 
35-3402 

35-2495 
35-1593 
35-0695 
34-9803 
34-8914 

34-8030 
34-715I 

34-5406 
34-4540 

34-2820 



19-22 
COS 

0-999 6573 
999 6554 
999 6535 
999 6516 
999 6497 

'999 6477 
999 6458 
999 6439 
999 6419 
999 6400 

0-999 6380 
999 6361 
999 6341 
999 6321 
999 6302 

0-999 6282 
999 6262 
999 6242 
999 6222 
999 6202 

0-999 6182 
999 6162 
999 6142 
999 6121 
999 6101 

0-999 6081 
999 6060 
999 6040 
'999 6020 
999 5999 

-999 5978 
999 5958 
999 5937 
"999 59i6 
999 5895 

-999 5875 
999 5854 
999 5833 
999 5812 
'999 5791 



'30 5385 
030 6112 
030 6839 
030 7566 
030 8293 

0-030 9020 
030 9746 
031 0473 

031 1200 
031 1927 

0-03I 2654 
031 3381 

031 4I0 8 
0314834 
031 5561 



cot 



34-inS 
34-0273 

33-9432 
33-8596 

33-6935 
33-6iii 

33-5291 
33-4474 
33-3662 
33-2854 
33-2049 

33-1248 
33-0452 
32-9659 
32-8870 
32-8084 

32-7303 



'999 5770 
999 5748 
999 5727 
999 S7o6 
999 5684 

0-999 5663 

"999 5642 

999 5620 

'999 5599 

! -999 5577 

-999 5555 
'999 5534 
'999 5512 
'999 5490 
999 5468 

0-999 5446 
'999 5424 
'999 5402 
'999 538o 
999 5358 



0-031 6288 
031 7015 
031 7742 
031 8469 
031 9196 

0-031 9922 
032 0649 
032 1376 
032 2103 
032 2830 

0- 32 3557 
032 4283 
032 5010 
32 5737 
032 6464 

0-032 719! 
032 7918 
032 8644 
032 9371 
033 0098 

0-033 0825 
33 1552 
033 2279 
33 3005 
033 3732 

'33 4459 
033 Si86 
033 5913 
033 6639 
33 7366 



727-729 

tan 

0-030 5528 
030 6256 
030 6983 
030 7711 
030 8439 

0-030 9167 
030 9895 
031 0623 
031 1351 
031 2079 

0-031 2807 

3i 3535 
031 4263 
031 4991 
031 5719 
0-031 6446 
031 7174 
031 7902 
031 8630 
031 9358 

0-032 0086 
032 0814 
032 1542 
032 2270 
032 2998 



32-7303 
32-6525 
32-5750 
32-4980 
32-4213 

32-3450 
32-2690 

32-1934 
32-1181 
32-0432 



0-032 3726 
032 4454 
032 5182 
032 5910 
32 6638 

0-032 7366 
032 8094 
032 8822 
'32 9550 
033 0278 

o-033 1006 
033 1734 
033 2462 
033 3190 
033 39i8 



0-033 8093 
033 8820 
033 9547 
034 0274 
-034 1000 

0'34 1727 
34 2454 
0343181 
034 3907 
034 4634 

-34 536i 
034 6088 
034 6815 
034 754i 
034 8268 



'33 4646 
33 5374 
033 6102 
033 6830 
33 7558 



31-9686 
31-8944 
31-8205 
31-7470 
31-6738 

31-6009 
31-5284 
31-4562 
31-3843 
31-3128 

31-2416 
31-1707 
31-1001 
31-0299 
30-9599 

30-8903 
30-8210 
30-7520 
30-6833 
30-6149 

30-5468 
30-4791 
30-4116 

30-3444 
30-2775 

30-2109 
30-1446 
30-0786 
30-0129 
29-9475 



tan 



0-999 5336 0-034 8995 



sm 



cos 



d I 726-727 | 728-727 I 781-1059 | 22 _ I9 
5" 53-" 



726-727 



0^33 8286 
033 9015 
33 9743 
034 0471 
-34 U99 

0-034 1927 
'34 2655 
34 3383 
034 4' n 
034 4839 

0-034 5567 
034 6295 
34 7023 
034 7751 
034 8480 



cot 



729-727 



29-8823 
29-8174 
29-7528 
29-6885 
29-6245 

29-5607 
29-4973 
29-4340 
29-3711 
29-3084 

29-2460 
29-1839 
29-1220 
29-0604 
28-9990 

28-9379 
28-8771 
28-8165 
28-7562 
28-6961 

28-6363 

tan 



22-26 
COS 

0-999 5336 
999 5314 
999 5*91 
999 5269 
999 5247 
0-999 5224 
'999 5202 
999 SI79 
999 5*57 
999 5134 

'999 Sin 
'999 5088 
"999 5066 
999 543 
999 5020 

0-999 4997 
999 4974 
999 4951 
999 4928 
999 4904 

0-999 4881 
999 4858 
999 4835 
99948II 
999 4788 

0-999 4764 
999 474' 
999 4717 
999 4693 
999 4670 

0-999 4646 
999 4622 
999 4598 
999 4574 
999 4550 

o-999 4526 
999 4502 
999 4478 
999 4454 
999 4430 

0-999 4405 
999 438i 
999 4357 
999 4332 
999 4308 

0-999 4283 
999 4258 



45 



999 4234 
'999 4209 
999 4184 

'999 4159 
9994135 
999 4110 
999 4085 
999 4060 

0-099 4035 
9994009 
999 3984 
999 3959 
999 3934 



598-778 



13 



xz 



09 
08 
07 
06 

05 
04 

03 

03 

or 



0-999 3908 oo 



sin 



5" 52- 



TM 5-442 



0" 08 m 



sin 

j 0-034 8995 1 
034 9722 
035 0449 
035 1175 
035 190* 

05 1 0-035 2629 

I 06 -035 3356 

| 07 -035 4082 

08 -035 4809 

; 09 -035 5536 

10 I 0-035 6263 

11 -035 6989 
la -035 77i6 

13 -035 8443 

14 '035 9i7<> 

15 0-035 9896 

16 -036 0623 

17 -036 1350 
xg -036 2077 
19 -036 2803 



tan 

0-034 9*8 
-034 9936 
035 o6 6 4 
035 1392 1 
035 2*20 J 

| 0-035 2848 
035 3576 
035 4305 ' 
035 533 
035 S 

0-035 6 
035 7 
035 7945 
035 8673 
035 942 

0-036 0130 
036 0858 ( 
036 1586 
036 23 '4 
036 3042 



20 0-036 353 
j ai -036 4257 

22 -036 4984 
1 23 I -036 5710 
036 6437 

| 25 I 0-036 7l64 

36 -036 7891 

37 -036 8617 

I 28 -036 9344 
, 29 -037 0071 

I 0-037 0797 
037 1524 
037 2251 
037 2978 
037 37<>4 

35 I 0-037 443i 

36 -037 5158 

37 -037 5884 
037 66 i i 
037 7338 



0-036 37 
036 4499 
036 5227 
036 5955 
036 6683 

0-036 74 12 J 
036 8140 
036 8868 | 
036 9596 ' 
037 0324 

j 0-037 1053 

037 i 

037 2509 
I -037 3237 

037 3966 

0-037 4694 ! 
037 5422 
037 

037 6879 
037 7607 ! 



cot 

I . - 

28-6363 
28-5767 
28-5173 
28-4583 
28-3994 

28- 348 
28-2824 

28-2243 I 
28-1664 ! 
28-1088 

28-0514 
47-9942 
27-9372 
27-8805 
27-8240 

27-7678 
27-7"7 
27-6559 
17-6004 
27-5450 

27.4899 
27-4349 
27-3802 
27-3258 
27-2715 

27-2174 
27-1636 
27-1100 
27-0566 
27-0034 



25-29^ 
COS 

I 0-999 39o8 
999 3883 
999 3857 
999 383* 
999 3806 

| 0-999 3?8i 
999 3755 
999 379 
999 3704 
999 3678 

| o-999 365* 
999 3626 
999 3600 
999 3574 
999 3548 

| 0-999 3522 
999 3495 
999 3469 
999 3443 
999 3417 

| 0-999 3390 
999 3364 
999 3337 
99933II 
999 3284 

| o-999 3257 
999 3231 
999 3204 
999 3177 
999 3*5 



"727-726 I 728-729 I 



sin 

0-039 2598 
039 3325 j 
0394051 
039 4778 
039 5505 

0-039 6231 
039 6958 
039 7685 
0398411 
039 9138 

0-039 9865 
040 0591 
-040 1318 
040 2045 
040 277 

0-040 3498 
040 4224 
-040 4951 
040 5678 
040 6404 



tan 

1 0-039 2901 
039 3629 
0394358] 

I -039 5086 
039 5814 

| 0-039 543 
039 7271 
039 8000 
-039 8728 
039 9456 

| 0-040 0185 
040 0913 
040 1641 
040 2370 I 
040 3098 I 

0-040 3827 
-040 4555 i 
-040 5284 

040 6012 

040 6740 



i 0-037 8065 
037 8791 
037 95 l8 
038 0245 
038 0971 

| 0-038 1698 
038 2425 
038 3151 
-038 3878 
038 4605 

| 0-038 5331 
038 6058 
038 6785 
03875" 
-038 8238 

I 0-038 8965 
038 9692 
039 0418 
039 U45 
039 1871 



, 0-037 8335 
037 9063 
037 9792 
038 0520 
-038 1248 

0-038 1976 
038 2705 ! 

038 3433 
038 4161 
-038 4890 

0-038 5618 
038 6346 
038 7074 
038 7803 
038 8531 

i 0-038 9259 
-038 9988 
039 0716 
-039 1444 
039 2173 



26-9504 
26-8976 
26-8450 
26-7926 
26-7404 

26-6885 
26-6367 
26-5851 
26-5337 
26-4826 

26-4316 
26-3808 
26-3302 
26-2798 
26-2296 

26-1796 
26-1298 
26-0802 
26-0307 
25-9815 

25-9324 
25-8835 
25-8348 
25-7863 
25-7380 



0-999 3123 
1 -999 3 96 
999 3069 
999 3042 
999 3015 

I o-999 2988 
999 2960 
-999 2933 
-999 2906 
.999 2878 

| 0-999 2851 
-999 2823 
999 2796 
.999 2768 
999 2740 

0-999 2713 
.999 2685 
999 2657 
999 2629 
-999 2601 

0-999 2573 
999 2545 
999 2517 
999 2489 
999 2461 



25-6898 
25-6418 
25-594 
25-5464 
25-4990 



0-040 713* 
-040 7858 
040 8584 
040 9311 
041 0037 

0-041 0764 
041 1491 
041 2217 
041 2944 
041 367 

0-041 4397 
041 5124 
041 5850 
041 6577 
041 7303 

0-041 8030 
041 8757 
041 9483 

O42 02IO 
042 0936 

O-O42 1663 
042 2389 
042 3Il6 
042 3843 
042 4569 

0-042 5296 
O42 6O22 
042 6749 

042 7475 
042 8202 

0-042 8928 
042 9655 
043 0382 
043 i i 08 
043 '835 



0-040 7469 
040 8i97 
040 8926 
040 9654 
041 0383 

0-041 II II 
041 1839 
041 2568 
041 3296 
041 4025 



471-383 

cot 

25-45I7 
25-4046 

25-3577 
25-3109 
25-2644 

25-2180 
25-1717 
25-1257 
25-0798 
25-0340 

24-9885 
24-9431 
24-8978 
24-8528 
24-8078 

24-7631 
24-7185 
24-6741 
24-6298 

24-5857 

24-5418 
24-4980 

24-4543 
24-4108 

24-3675 

24-3*43 
24-2813 
24-2384 
24-1957 
24-1531 



0-041 4753 
041 5482 
041 6210 | 
041 6939 
041 7667 

0-041 8396 
041 9124 
041 9853 
042 0581 
042 r 



24-1107 
24-0684 
24-0263 
23-9843 
23-9425 

23-9008 
23-8593 
23-8179 
23-7766 
23-7355 



28-32^ 
COS 

I 0-999 2290 | 
999 2262 
-999 2233 
-999 2204 
999 2176 

I o-999 2147 
999 2118 
999 2089 
999 2060 
.999 2031 

| 0-999 2002 
999 1973 
999 1944 
999 1915 
.999 1885 

| 0-999 1856 I 
.999 1827 
999 1797 ! 
999 1768 
999 1738 

| 0-999 1709 
999 1679 
-999 1649 
999 1620 
999 1590 

| 0-999 1560 
999 1530 
999 1500 
999 H70 I 
999 1440 ! 

| 0-999 

999 1380 I 
999 1350 | 
999 1319 
999 1289 j 

| 0-999 1259 
999 1228 
999 1198 
999 1167 
999 1J37 



0-0392598 0-0392901 25-4517 



o-999 2432 
999 2404 
999 2376 
999 2347 
999 2319 



0-043 2561 
043 3288 
043 4014 
043 4741 
043 5467 



0-042 2038 
042 2767 
-042 3495 
042 4224 
042 4952 

0-042 5681 
042 6409 
043 7138 
042 7866 
042 8595 

0-042 9324 
043 0052 
043 0781 
043 1509 
043 2238 

0-043 2966 
043 3695 
043 4424 
043 5152 
043 5881 



COS 



cot 



0-999 2290 I 0-043 6i94 0-043 6609 

cot 

729-728 



23-6945 
23-6537 I 
23-6130 
23-5725 I 
23-5321 

23-4918 
23-1516 
23-4116 
23-3718 
23-3320 

23-2925 
23-2530 
23-2137 
23-1745 
23-I354 

23-0965 
23-0577 
23-0190 
22-9805 
22-9421 

22-0038 

tan 

383-471 



0-999 
909 1075 
999 1045 
999 1014 
999 0983 

0-999 0952 
999 0921 
999 0890 
999 0859 
999 0828 

o-999 o?97 IO 
999 0766 j 09 

999 0734 



13 
ia 
ii 



999 0703 
999 0672 

0-999 0640 

999 0609 

999 0577 

999 0546 

999 05*4 
0-999 0482 oo 

sin 

32-28 



TM 5-442 



10* 



0" 11' 



d 


727-726 


728-729 


382-317 


31-35 


727-726 


728-730 


315-266 


35-38 


d 




sin 


tan 


cot 


cos 


sin 


tan 


cot 


cos 




8 
00 


043 6194 


043 6609 


22-9038 


999 0482 


0-047 9781 


048 0334 


20-8188 


.998 8484 


60 


01 


043 6920 


043 7338 


22-8656 


999 0450 


048 0508 


048 1063 


20-7873 


998 8449 


59 


03 


043 7647 


043 8067 


22-8276 


999 0419 


048 1234 


048 1792 


20-7558 


998 8414 


58 


03 


043 8373 


043 8795 


22-7897 


999 0387 


048 1960 


048 2521 


20-7245 


998 8379 


57 


04 


043 9100 


043 9524 


22-7519 


999 0355 


048 2687 


048 3250 


20-6932 


998 8344 


56 


05 


043 9826 


-044 0253 


22-7142 


999 0323 


0-048 3413 


048 3979 


20-6621 


998 8309 


55 


06 


044 0553 


044 0981 


22-6767 


999 0291 


048 4140 


048 4708 


20-6310 


.998 8274 


54 


07 


044 1280 


044 1710 


22-6393 


999 0259 


048 4866 


048 5437 


20-6000 


998 8238 


53 


08 


044 2006 


044 2438 


22-6020 


999 0227 


048 5592 


048 6166 


20-5691 


998 8203 


5* 


09 


044 2733 


044 3167 


22-5649 


999 0195 


048 6319 


048 6895 


20-5383 


998 8168 


5' 


zo 


0-044 3459 


-044 3896 


22-5278 


999 0162 


0-048 7045 


048 7624 


20-5076 


998 8132 


50 


XX 


044 4186 


044 4624 


22-4909 


999 0130 


048 7771 


048 8353 


20-4770 


998 8097 


49 


13 


-044 4912 


044 5353 


22-4541 


999 0098 


048 8498 


048 9082 


20-4465 


998 8061 


48 


*3 


044 5639 


044 6082 


22-4174 


999 0065 


048 9224 


048 9811 


20-4161 


998 8026 


47 




-044 6365 


044 6810 


22-3809 


999 0033 


048 9950 


049 0540 


20-3857 


998 7990 


46 


IS 


0-044 7092 


044 7539 


22-3444 


0-999 oooo 


0-049 0677 


049 1268 


20-3555 


998 7955 


45 


16 


044 7818 


044 8268 


22-3081 


998 9968 


049 1403 


049 1997 


20-3253 


998 7919 


44 


*7 


-044 8545 


044 8996 


22-2719 


998 9935 


049 2129 


049 2726 


20-2952 


998 7883 


43 


18 


044 9271 


044 9725 


22-2358 


998 9903 


049 2856 


049 3455 


20-2653 


-998 7847 


4* 


19 


044 9997 


045 0454 


22- 1998 


998 9870 


049 3582 


-049 4184 


20-2354 


998 7811 


4 1 


30 


0-045 0724 


0-045 1183 


22-1640 


0-998 9837 


0-049 4308 


0-049 4913 


20-2056 


0-998 7775 


40 


31 


045 1450 


045 1911 


22-I282 


998 9804 


049 5035 


049 5642 


20-1758 


-998 7740 


39 


33 


045 2177 


045 2640 


22-O926 


998 9772 


049 5761 


049 6371 


20-1462 


998 7703 


38 


23 


045 2903 


045 3369 


22-0571 


998 9739 


049 6487 


049 7100 


20-1167 


998 7667 


37 




045 3630 


045 4097 


22-O2I7 


-998 9706 


049 7214 


049 7829 


20-0872 


998 7631 


36 


35 


0-045 4356 


0-045 4826 


21-9864 


0-998 9673 


0-049 7940 


0-049 8559 


20-0578 


0-998 7595 


35 


36 


045 5083 


045 5555 


21-9513 


998 9640 


049 8666 


049 9288 


20-0285 


998 7559 


34 


*7 


-045 5809 


045 6284 


2I-9I62 


998 9606 


049 9393 


050 0017 


19.9993 


998 7523 


33 


38 


045 6536 


045 7012 


2I-88I3 


998 9573 


050 0119 


050 0746 


19-9702 


-998 7486 


3* 


39 


045 7262 


045 7741 


21-8464 


998 9540 


050 0845 


050 1475 


19-9412 


998 7450 


3< 


30 


0-045 7989 


0-045 8470 


21-8II7 


0-998 9507 


0-050 1572 


0-050 2204 


19-9122 


0-998 7413 


30 


31 


045 8715 


045 9^99 


21-7771 


998 9473 


050 2298 


-050 2933 


19-8834 


998 7377 


39 


32 


045 9442 


045 9927 


2I-7426 


-998 9440 


050 3024 


050 3662 


19-8546 


998 7340 


38 


33 


046 0168 


046 0656 


21-7082 


998 9407 


0503751 


050 4391 


19-8259 


998 7304 


a 7 


34 


046 0894 


046 1385 


2I-6739 


998 9373 


050 4477 


050 5120 


19-7973 


998 7267. 


36 


35 


0-046 1621 


0-046 211.4 


2I-6397 


0-998 9340 


0-050 5203 


0-050 5849 


19-7687 


0-998 7230 


*5 


36 


046 2347 


046 2842 


21-6056 


-998 9306 


050 5929 


050 6578 


19-7403 


998 7194 


*4 


V7 


046 3074 


046 3571 


21-5717 


998 9272 


050 6656 


050 7307 


19-7119 


998 7157 


*3 


wf 

38 

39 


046 3800 
046 4527 


-046 4300 
046 5029 


2I-5378 
21-5040 


998 9239 
998 9205 


050 7382 
050 8 1 of 


050 8036 
050 8765 


19-6836 
I9-6554 


998 7120 
998 7083 


33 
31 


4 


0-046 5253 


0-046 5757 


21-4704 


0-998 9171 


0-050 8835 


0-050 9495 


19-6273 


0-998 7046 


3O 




046 5980 
046 6706 


-046 6486 
-046 7215 


21-4369 
21-4034 


9989137 
998 9103 


050 9561 
051 0287 


051 0224 
051 0953 


19-5992 
I9-5713 


998 7009 
998 6972 


18 


43 
44 


046 7432 
046 8159 


-046 7944 
046 8673 


21-3701 
2I-3369 


998 9069 
998 9035 


051 101; 
051 1740 


051 1682 
051 2411 


19-5434 
19-5156 


998 6935 
998 6898 


17 
16 


45 
46 
47 
48 
49 


0-046 8885 
046 9612 
047 0338 
047 1065 
047 1791 


0-046 9402 
047 0130 
047 0859 
047 1588 
-047 2317 


21-3037 
2I-2707 
2I-2378 
21-2049 
2I-I722 


0-998 9001 
998 8967 
998 8933 
998 8899 
998 8864 


0-051 2466 
-051 3192 
-051 3918 
051 4645 
051 5371 


0-051 3140 
051 3869 
051 459J 
051 5328 
051 6057 


19-4879 
19-4602 
I9-4326 
19-4051 
19-3777 


0-998 6860 
998 6823 
998 6786 
998 6748 
998 6711 


15 
14 
13 

13 
II 


Si 

53 
54 


0-047 2517 
047 3244 
047 3970 
047 4697 
047 542 


0-047 3046 
047 377 
047 450 
047 523 
047 596 


21-1396 

21-0747 
2I-O423 
2I-OJOI 


0-998 8830 
998 8796 
998 8761 
998 8727 
998 8692 


0-051 6097 
051 6823 
051 7550 
051 8276 
051 9002 


0-051 6786 
051 7515 
051 8244 
051 8973 
051 9703 


I9-3504 
19-3231 
19-2959 
19-2688 
19-2418 


0-998 667; 
-998 663< 
998 6598 
998 6560 
998 6523 


10 
09 
08 

07 
06 


55 
56 
57 
58 
59 


0-047 6149 
047 6876 
047 760 
047 832 
047 90S 


0-047 669 
-047 741 
047 814 
047 887 
047 96o6 


20-9780 
2O-94OO 
20-9HO 
20-8822 
20-8505 


0-998 8658 
998 8623 
-998 8588 
998 8554 
-998 8519 


0-051 9728 
052 045 
052 118 
052 1907 
052 263 


0-052 0432 
052 116 
052 189 
052 261 
052 334 


19-2148 

19-1879 
19-1611 
I9-1344 
19-1077 


0-998 6485 
.998 6447 
998 6409 
998 6371 
998 6333 


05 

O3 
OX 


60 


0-047 978 


0-048 033 


20-8l88 


0-998 8484 


0-052 336 


0-052 407 


19-0811 


0-998 6295 


OO 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 




A 


726727 


729-728 


317-382 


35-31 


726-727 


730-728 


266-315 


38-35 


d 


u 

M^> 


1 


5" 49 1 " 


5" 48-" " ; 



TM 5-442 



O h 12' 



0* 13' 



d 1 727-726 1 729-730 2652-2265 ] 38-41 7 


26-725 


729-730 a 


360-1953 


+ 1 " 4 . ' -~-| 


sin 


- -- 

tan 


1 

cot 


cos 


sin 


tan 


cot 


cos 1 


8 -' 

oo 0-052 3360 o 
ox -052 4086 
oa -052 4812 
03 -052 5538 
04 1 -052 6264 

05 0-052 6991 c 

06 -052 7717 
07 -052 8443 
08 -052 9169 
09 -052 9895 

10 1 0-053 0622 

" -053 1348 

xa -053 2074 
1 13 -053 2800 
14 -053 3526 

15 0-053 4253 
I 16 -053 4979 
I 17 -053 5705 
I 18 -053 6431 
1 19 '053 7X57 

1 ao 0-053 7883 
1 ax -053 8610 
1 aa -053 9336 
1 as -054 0062 

1 24 -0^4 0788 


052 4078 
052 4807 
052 5536 
052 6265 
052 6995 

>-052 77*4 

052 8453 
052 9182 
052 9912 
053 0641 

9-053 1370 

-053 2100 

053 2829 
053 3558 
053 4287 

0-053 5017 
053 5746 
053 6475 
053 7205 

053 7934 

0-053 8663 
053 9393 
054 0122 
0540851 
054 1581 


19-08114 o 
05462 
02818 
19-00182 

18-94930 < 
92315 
-89707 
87107 
84513 

18-81927 
79348 
76775 
74210 
71652 

18-69101 
66556 
64019 
61488 
58964 

18-56447 
53937 
5M34 
48937 
46447 


9986295 0-0566928 o 

-998 6257 -056 7654 
-9986219 -0568380 
998 6181 -056 9106 
9986143 -056983* 

j-998 6104 0-057 0558 c 
998 6066 -057 "84 
.9986028 -0572010 
998 5989 -057 2736 
9985951 -0573462 

0-998 5912 0-057 4188 ( 
9985873 I -0574914 
9985835 -057 5640 
998 5796 -057 6366 
9985757 -057709* 

0-9985719 0-0577818 
998 5680 -057 8544 
098 5641 -057 9270 
.9985602 -0579996 
9985563 -0580722 

0-998 5524 0-058 1448 
9985484 -0582174 
9985445 -0582900 
.9985406 -0583626 
9985367 -058435* 


056 7841 
056 8571 
056 9300 
057 0030 
057 0759 

057 1489 
057 2219 
057 2948 
057 3678 
057 4407 

5-0575137 
057 5867 
057 6596 
057 7326 
057 8056 

0-057 8785 
057 9515 

-058 0245 
058 0974 
058 1704 

0-058 2434 
058 3163 
058 3893 
058 46*3 
058 535* 


17-61056 o 
58796 
5654* 
54*94 
52052 

17-49815 ~e 
47584 
45358 
43139 
40924 

17-38716 
36513 
34315 
3*124 
39937 

17-27756 
25581 
23411 
21246 
19087 

17-16934 
14785 
12643 
10505 
0837* 


998 3917 1 

998 3875 59 I 
998 3834 58 I 
998 3793 57 I 
998 3751 56 1 

1-998 3710 55 1 
998 3668 54 1 
-998 3627 53 1 
998 3585 5 I 
9983544 5*1 

9-998 3soa 50 1 
.998 3460 49 1 
.998 3418 48 1 
998 3376 47 1 
998 3334 46 1 

0-998 3293 45 1 
998 3350 44 1 
.998 3308 43 1 
.998 3166 4> 1 
998 3134 4i 1 

0-998 3082 40 1 
998 3039 39 1 
-998 2997 38 1 
-998 3954 37 1 
-998 391* 3* 1 


1 as 0-054 1514 
1 26 -054 2240 
1 a? -054 2967 
I 28 -054 3693 
1 ao -054 4419 


0-054 2310 
054 3039 
054 3769 
054 4498 
054 5227 


,8-43964 
41487 
39017 
36554 
34097 


0-998 5327 0> 58 5078 
.998 5288 -058 5804 
9985248 -0586530 
.9985209 -0587256 
.9985169 -0587082 


0-058 6082 
058 6812 
058 754* 
058 8271 
058 9001 


17-06245 
04124 
17-02007 
16-99896 
97790 


0-998 3870 35 I 
-998 38a? 34 1 
.998 3784 33 | 
998 2742 33 1 
.998 2699 3* I 


1 30 0-054 5H5 
I 31 -054 587t 
1 yt -054 6597 
1 33 -054 73*3 
I 34 -54 8050 


0-054 5957 
054 6686 

i -0548145 
054 8874 


18-31647 
29203 
26765 

*4335 
21910 


0-9985130 
9985090 
.9985050 
.9985011 
.9984971 


0-058 8708 

058 9434 
059 0160 
059 0886 
-059 1612 


0-058 973i 
059 0461 
059 1190 
059 1920 
059 2650 


16-95689 
93593 
91503 
89417 
87337 


0-998 2656 30 I 
-098 3613 *9 1 
.998 2570 a8 I 
.998 2527 37 1 
.998 3484 a* 1 


1 35 0-054 8776 
1 36 -054 9502 
1 37 -055 0228 
I 38 -055 0954 
i 10 *oss 1680 


0-054 9604 
055 0333 
055 1063 
055 1792 
055 2522 


18-19492 
17081 

14675 
1*277 

09884 


0-9984931 
.9984891 

9984851 
.9984811 
.9984771 


0-059 2338 
'-059 3064 
059 3790 
0594516 
059 5*4* 


0-059 3380 
059 4109 
059 4839 
059 5569 
059 6299 


16-85262 
83191 
81126 
79066 
77011 


0-998 2441 35 1 
998 2398 34 1 
998 2355 33 1 

-998 2312 33 | 
998 2209 31 I 


1 40 0-055 2406 
1 41 -055 3132 
4a ^055 3858 
43 -055 4585 
I 44 -055 531" 


0-055 3251 
055 3980 
055 47io 
055 5439 
055 6169 


18-07498 
05118 
02744 
18-00376 
17.98015 


0-9984731 
-9984691 
9984650 
.9984610 
9984570 


0-059 5967 
059 6693 
059 74*9 
059 8145 
059 8871 


0-059 7029 
059 7758 
059 8488 
059 9218 
059 9948 


16-74961 
72916 
70876 
68841 
66811 


0-998 2225 30 I 
998 2l82 19 
998 2139 l8 
998 2095 17 

998 2052 16 


\ 45 0-055 6037 
1 46 -55 6763 
1 47 -55 7489 
I 48 -055 8215 
I 49 -055 8941 


0-055 6898 
055 7628 
055 8357 
055-9087 
055 9816 


17.95660 

93311 
90968 

88631 
86300 


0-9984529 
-9984489 
9984448 
9984408 
9984367 


0-059 9597 
060 0323 
060 1049 
060 1775 
060 2501 


0-060 0678 
060 140^ 
060 2138 
060 2867 
060 3597 


16-64786 
62766 
60750 
58740 
56734 


0-998 2OO8 <5 

-998 1964 M 

-998 19*1 13 

-998 1877 ia 
998 1833 


1 50 0-055 9667 
I 51 -056 0393 
I 52 -056 me; 
53 -056 i84! 
54 -056 2572 


0-056 0546 
-056 1275 
056 2005 
056 2734 
t -056 3464 


17-83976 
81657 
79344 
77037 
(. -74737 


0-9984326 
9984286 

9984245 
9984204 
.9984163 


0-060 3227 
060 3953 
060 4678 
-060 5404 
060 6130 


0-060 4327 
060 soSl 
060 578-; 
|. -060 651' 
> -060 724' 


16-54733 
r -52737 
i -50746 
1 -48759 
1 -46777 


0-998 1789 10 
998 1745 9 
998 1701 08 
-998 1657 07 
998 1613 06 


1 

55 -56 329* 
I 56 -056 402^ 
57 -056 475 
1 58 -056 547 
1 59 -056 620 

1 3V 


} 0-056 419: 
{ -056 492; 

3 -056 5652 

5 -056 638: 
i -056711 


t I7-72443 
} -70153 

5 -67870 
I -65593 
j -633* 1 


0-99841*2 
.9984081 
998 4040 
998 3999 
998 3958 


0-060 685* 
060 758: 
060 830! 
060 903^ 
060 976* 


> 0-06079?' 
j -060 870! 
J -060 943 
, -06 1 016 
3 'o6i 089 


7 16-44800 
S -42828 
5 -40860 
5 -38897 
6 -36939 


0-998 1569 05 
-998 1525 04 
998 1481 03 

998 H37 03 

998 139* ox 


60 0-056 692 


8 0-056784 


I 17-61056 


0-998 3917 


0-06 1 048 


5 0-061 162 


6 16-34986 


0-998 1348 oo 



COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 


d 1 726-727 i 730-729 


2*65-965 


41-38 


| 7*5-7*6 


730-729 1953-2260 45-41 d 


Ch J7m 


5" 46-" 



C-8 



0" 14* 



736-725 ( 730-731 



0" 15' 



sin 
1 0-06 1 0485 

061 1211 
061 1937 
06 i 2663 
061 3389 

| 0-061 4115 
061 4841 
061 5566 
06 1 6293 
061 7018 

| 0-061 7744 
06 i 8470 
061 9196 
061 9921 
062 0647 

| 0-062 I373 
062 2099 
062 2825 
062 3550 
062 4276 

20 0-062 5002 
-062 5728 
062 6454 
062 7179 
062 7905 

| 0-062 8631 
062 9357 
063 0083 
063 0808 
063 1534 



tan 



44-48 || 726-725 



1 0-063 2260 
063 2986 
063 3711 

063 4437 
063 5163 

0-063 5889 
063 6614 
063 7340 
0638066 
063 8792 

I 0-063 9517 
064 0243 
064 0969 
064 1695 
064 2420 

| 0-064 3146 
064 3872 
064 4597 
064 5323 
064 6049 

I 0-064 6774 
064 7500 
064 8226 
064 8952 
064 9677 

| 0-065 0403 
065 1129 
065 1854 
065 2580 
065 3306 



0-061 1626 
061 2356 
06 i 3086 
061 3816 
061 4546 

0-061 5276 
061 6006 
061 6736 
06 i 7466 
061 8196 

0-06 i 8926 
06 r 9656 
062 0386 
o6z m6 
062 1846 

0-062 2576 
062 3306 
062 4036 
062 4766 
062 5496 

0-062 6226 
062 6956 
062 7686 
062 8417 
062 9147 

0-062 9877 
063 0607 
063 1337 
063 2067 
063 2797 



60 0-065 4031 



cos 



0-063 3527 
063 4*58 
063 4988 
063 5718 
063 6448 

0-063 7i78 
063 7908 
063 8639 
063 9369 
064 0099 

0-064 0829 
064 1559 
064 2290 
064 3020 
064 3750 

0-064 4480 
064 5310 

064 5941 

064 6671 

064 7401 

0-064 8132 

064 8862 

064 9592 
065 0322 
065 1053 

0-065 1783 
065 2513 
065 3244 
065 3974 
065 4704 



cot 

16-34986 
33037 
31092 
29153 
27217 

16-25287 
23361 
21439 
19523 
17610 

16-15702 

3799 
11900 
10005 
08115 

16-06229 
04348 
02471 
16-00599 
15-98731 

15-96867 
.95007 
93152 
91301 
89454 

15-87612 

85774 
83940 
82110 
80285 

15-78464 
76647 

74834 
73025 
71220 

15-69420 
67623 
65831 
64043 
62259 



COS 



sin 



0-065 5435 



cot 



15-60478 
58702 
56930 
55162 
53398 

15-51638 
49882 
48130 
46381 
44637 

15-42897 
41160 
39428 
37699 
35974 

15-342S3 
32536 
30822 
29113 
27407 

15-25705 



0-998 1348 
998 1304 
998 1259 
998 1215 
998 1170 

0-998 1125 
998 1081 
998 1036 
998 0991 
998 0946 

0-998 0901 
998 0856 
998 0811 
998 0766 
998 0721 

0-098 0676 
998 0631 
998 0586 
998 0540 
998 0495 

0-998 0450 
998 0404 
998 0359 
998 0313 
998 0267 

0-998 0222 
998 0176 
998 0130 
998 0084 
998 0038 

0-997 999 
997 9946 
997 9900 
997 9854 
997 9808 

0-997 976* 
997 97i6 
997 9669 
997 9623 
997 9576 



0-065 4031 
065 4757 
065 5483 
065 6208 
065 6934 

0-065 766o 
-065 8385 
065 9111 
065 9836 
066 0562 

0-066 1288 
066 2013 
066 2739 
066 3465 
066 4190 

0-066 4916 
066 5641 
066 6367 
066 7093 
066 7818 

0-066 8544 
066 9269 
0669995 
067 0721 
067 1446 

0-067 2172 
067 2897 
067 3623 
067 4349 
067 5074 



tan 



tan 



d I 725-726 J 731-730 | 1702-1949 

5 h 45- 



'997 9530 
997 9483 
997 9437 
997 9390 
997 9343 

0-997 9297 
997 9250 
997 9203 
997 9156 
997 9109 

0-997 9062 
997 9015 
997 8968 
997 8921 
997 8874 

0-997 8826 
997 8779 
997 8732 
997 8684 
997 8637 



0-067 5800 
067 6525 
067 7351 
067 7976 
067 8702 

0-067 9427 
068 0153 
068 0878 
068 1604 
068 2329 

0-068 3055 
068 3781 
068 4506 
068 5232 
068 5957 

0-068 6683 
068 7408 
068 8134 
068 8859 
068 9585 

0-069 0310 
069 1036 
069 1761 
069 2487 
069 3212 

0-069 3937 
0694663 
069 5388 
069 6114 
0696839 



-65 5435 
065 6165 
065 6895 
065 7626 
065 8356 

0-065 9o86 
065 9817 
066 0547 
066 1278 
066 2008 

0-066 2738 
066 3469 
066 4199 
066 4930 
066 5660 

0-066 6391 
066 71 2 t 
066 7851 
066 8582 
066 9312 

0-067 0043 
067 0773 
067 1504 
067 2234 
067 2965 

0-067 3695 
0674426 
067 5156 
067 5887 
067 6618 



' TM 5-442 



COS 



I 0-097 8589 60 

997 8542 59 

997 8494 58 

997 8446 57 

9978399 56 



0-9978589 0-0697565 



sin 



COS 



48-44 



725-726 



0-067 7348 
067 8079 
0678809 
067 9540 
068 0270 

0-068 looi 
068 1732 
0682462 
068 3193 
068 3923 

0-068 4654 
068 5385 
068 6115 
068 6846 
068 75-77 

0-068 8307 
068 9038 
068 9769 
0690409 
069 1230 

0-069 1961 
069 2691 
069 3422 
069 4153 
069 4884 

0-069 5614 
069 6345 
069 7076 
069 7807 
069 8537 



0-069 9268 



cot 



14-30067 



tan 



sin 



51-47 



5* 44" 



oo 



C-9 



5-442 



0" 17" 



sm 



tan 



cot 



I 

i oo 0-069 7565 
-069 8290 

03 -069 <)0l6 
03 -069 9741 
| 04 -070 0467 

0'070 1192 
-070 1917 
-070 2643 
-070.3368 

-070 494 

0-070 4819 
-070 5544 
-070 6a?Q 
-070 6995 
-070 772i 



0-069 9*68 
069 9999 
070 073 
070 1460 
070 2191 

0-070 2922 
070 3653 
070 4384 
070 5115 
070 5845 

0-070 6576 
070 7307 
070 8038 
070 8769 
070 9500 



Si-54 

,. I M - 

COS 



54-57 



726-725 


73J-73* 






sin 


tan 


-cot 


cos 



15 0-070 8446 

16 -070 9i7i 

I? -070 9897 

18 -071 0622 

19 -071 1348 

| 0-07I 2073 
071 2798 
071 35 2 4 
071 4249 

071 4974 

[ 0-071 57 
071 6425 
071 7151 
071 7876 
071 8601 

| 0-071 9327 
072 0052 
072 0777 
072 1503 
072 2228 



0-071 0231 
071 0961 
071 1692 
071 2423 
071 3!54 



14-30067 
28574 
27084 
Z5597 
24" 3 

14-22633 
21155 
19681 
18209 
16741 

I4-IS275 
13813 
12354 
10897 
09444 

14-07993 
06546 
05101 
03660 

02421 



0-997 5641 
997 5590 
997 5539 
997 5488 
997 5437 

0-997 5386 
997 5335 
997 5284 
997 5233 
997 5182 

0-997 5*31 
997 5079 
997 5028 
997 4977 
99-7 4925 

0-997 4874 
.997 4822 
997 4770 
997 4719 
997 4667 



35 0-072 2953 
' 36 | -072 3678 
072 444 

38 1 -072 5129 

39 -072 5854 

40 0-072 6580 

41 -072 7305 

43 -072 8030 

44 -072 9481 

45 0-073 0206 

46 -o?3 0931 

47 -0731657 

48 -073 2382 

49 -073 3107 ' 

50 0-073 3832 

51 -073' 4558 

52 -073 5283 

ei -O71 6OO8 

53 '> , 

54 -073 6734 

j 0-073 7459 
073 8184 
073 8909 
073-9634 
074 0360 

0-074 1085 



0-071 3885 
071 4616 
071 5347 
071 6078 
071 6809 

0-071 754 
071 8271 
071 9002 
071 9733 
072 0464 

0-072 ii95 
072 1926 
072 2657 
072 3388 
-072 4" 9 

0-072 4850 
072 5581 
072 6312 
072 7043 
072 7774 



0-072 8505 
072 9236 
072 9967 

073 0698 

073 1430 



14-00786 

I3-99353 

97923 

96496 

95072 

13-9365^ 
92232 
90817 
89405 
87995 

13-86588 
85184 
83783 
82384 
80989 

X3-79596 
78206 
76819 
75434 
74053 

13-72674 
71298 
69924 
68554 
67186 



** ~y y * * 

997 4564 
997 45^2 
997 446o 
997 4408 

o-997 4356 
997 434 
997 4252 
997 4199 
997 4H7 

0-997 4095 
997 443 
997 3990 
997 3938 
997 3885 



0-997 3833 
997 378o 
997 3727 
997 3675 
997 3622 



0-074 1085 
074 1816 
074 *535 
074 3261 
074 3986 

0-07447" 
074 5436 
074 6161 
074 6887 
074 76i2 

0-074 8337 
074 9062 
074 9787 
075 0512 
075 1238 

0-075 1963 
075 2688 
075 3413 
075 4138 
075 4863 

0-075 5589 
075 6314 
075 7039 
075 7764 
075 8489 

0-075 9214 
075 9939 
076 0664 
076 1390 
076 2115 

0-076 2840 
076 3565 
-076 4290 
076 5 OI 5 
076 5740 

0-076 6465 
076 7 I 9<> 
076 79^5 
076 8640 
076 9365 



0-074 
074 3860 
074 4591 
074 5322 
074 6053 

0-074 6785 
07475^6 
074 8247 
074 8979 
074 971 

0-075 0441 
075 "72 
075 1904 
075 * 6 35 
075 3366 

0-075 4098 
-075 4829 
075 5561 
075 6292 
075 7023 

0-075 7755 
-075 8486 
075 9217 
075 9949 
076 0680 



0-076 1412 

076 2143 

076 2875 

076 3606 

076 4338 



1 3-45663^ 
44340 
.43019 
41702 
40387 

13-39074 
37764 
36457 
35IS2 
33849 

I3-32550 
-31252 

29957 
-28665 

27375 

13-26088 
24803 
23521 
22241 
20963 

13-19688 
18416 
17146 
15878 
14613 

I3-I3350 
12089 
10831 
09576 
08322 



0-997 2502 I 
997 2448 
997 2394 I 
997 2340 I 
997 2286 

o-997 2232 j 
.997 2178 

997 - , 
997 2069 

997 20I S 

0-997 - 
997 1906 
997 1851 
997 1797 I 
997 1742 

0-997 1688 | 
997 1633 
997 1578 | 
997 1523 
997 1468 

0-997 1413 
997 1358 
997 1303 , 
997 1248 

997 "93 

0-997 "38! 
997 "83 
.997 1028 I 
997 0972 
997 0917 



45 



0-076 5069 
076 5801 
076 6532 
076 7264 
076 7995 

0-076 8727 
076 9458 
077 0190 
077 0921 
077 1653 



0-073 2161 
073 2892 
073 3623 
073 4354 
073 5085 

0-073 5816 
073 6548 
073 7279 
073 8010 
073 8741 

0-073 9472 
074 0203 
074 0935 
074 1666 
074 2397 

0-074 3128 



COS 



13-65820 
64458 
-63098 
61741 
60386 

13-59035 
.57686 

56339 
54995 
53654 

13-52316 
50980 
49647 
48316 
46988 

t3-45663 



cot 



0-997 3569 
997 35i6 
997 3463 
997 34io 
997 3357 

o-997 3304 
997 325 1 
997 3*98 
997 3 T 45 
997 3091 

0-997 3038 
997 2985 
997 2931 
997 2878 
997 2824 

o-997 277' 
997 2717 
997 2663 
997 2610 
997 2556 



tan 



0-077 0091 
077 0816 
077 1541 
077 2266 
077 2991 

0-077 37 l6 
077 4441 
077 5166 
077 5891 
077 6616 

0-077 734i 
077 8066 
077 8791 
077 95i6 
078 0241 

0-078 0966 
078 1691 
078 2416 
078 3141 
078 3866 



0-077 2384 
077 3"6 
077 384? 
077 4579 
077 53" 

0-077 6042 
077 6774 
077 7505 
077 8237 
077 8969 

0-077 9700 
078 0432 
078 1164 
078 1895 
078 2627 

0-078 3359 
078 4090 
078 4822 
078 5554 
078 6285 



0-997 2502 I 0-078 4591 



sin 



cos 



1 3-07072 
05823 
04577 
03333 
02092 

13-00853 

12-99616 

-98382 

97150 

95920 

12-94692 
93467 
92244 
91024 
89806 

12-88590 
87376 
86165 
84956 
83749 

12-82544 
81342 
80142 
78944 
77748 

12-76555 
75363 
74174 
72988 
71803 



30 



0-997 0861 
997 0806 
997 0750 ' 
997 0695 . 
997 0639 I 

Q-997 0583 
997 0528 
9970472 _ 
997 4 I 6 ** 
997 036 I ax 

0-997 0304 
.997 0248 
.997 0192 
997 0136 
997 0080 

0-997 0023 

996 9967 ! 

.9969911 
996 9854 
996 979 s 



20 



13 
II 



0-0787017 12-70620 



cot 



0-996 974i I I0 
-996 9685 
996 9628 ! 
996 9571 
996 9515 

0-996 9458 
996 9401 
996 9344 j 
-996 9287 
996 9230 

0-996 9173 | o 



tan 



sin 



732-7301 1325-1493 
5 h 43" 



732-73" I "83-1323 

5" 42 m 



57-54 



O h 18" 



TM 5-442 



d 


725-724 


731-733 


1180-1062 


57-60 


725-724 


732-733 


1059-958 


60-64 


d 


s 


sin 


tan 


cot 


cos 


sin 


tan 


cot 


cos 




oo 

01 
02 

03 
04 


0-078 4591 
0785316 
078 6041 
078 6766 
078 7491 


0-078 7017 

078 7749 
078 8481 
078 9212 
078 9944 


12-70620 
69440 
68262 
67086 
65912 


0-996 9173 
996 9116 
996 9059 
996 9002 
996 8945 


0-082 8082 
082 8807 
082 9532 
083 0256 
083 0981 


0-083 0936 
083 1668 
083 2400 
083 3133 
083 3865 


12-03462 
02403 

01345 

12-00289 

11-99235 


0-996 5655 
996 5595 
996 5534 
-996 5474 
996 5414 


60 
59 
58 
57 
56 


05 
06 


0-078 8216 
078 8941 


0-079 0676 
079 1408 


12-64741 
63571 


0-996 8887 
996 8830 


0-083 1706 
083 2430 


0-083 4597 
083 5330 


11-98183 
.97132 


0-996 5353 
996 5293 


55 
54 


O? 
08 
09 


078 9666 
079 0391 

079 1116 


079 2139 
079 2871 
079 3603 


62404 
61239 
60076 


996 8773 
996 8715 
996 8658 


083 3155 
083 3880 
083 4604 


-083 6062 
083 6794 
083 7526 


96084 

95037 
.93992 


996 5232 
996 5172 
996 5111 


53 

53 


10 
II 


0-079 1841 
079 2565 


0-079 4335 
079 5067 


12-58915 
57756 


0-996 8600 

996 8543 


0-083 5329 
083 6054 


0-083 8259 
083 8991 


11-92949- 
91908 


0-996 5050 
996 4989 


49 


12 


079 3290 


079 5798 


56600 


996 8485 


083 6778 


083 9723 


90868 


996 4929 


48 


13 


079 4015 


079 6530 


55445 


996 8427 


083 7503 


-084 0456 


89831 


996 4868 


47 


14 


079 4740 


079 7262 


54293 


996 8369 


083 8228 


084 1188 


88795 


996 4807 


46 


15 

16 

17 
18 

19 


0-079 5465 
079 6190 
079 6915 
079 7640 
079 8365 


0-079 7994 
079 8726 
079 9458 
080 0189 
080 0921 


12-53142 

51994 
50848 
49704 
48562 


0-996 8312 
996 8254 
996 8196 
996 8138 
996 8080 


0-083 8952 
083 9677 
084 0402 
084 1126 
084 1851 


0-084 1921 
084 2653 
084 3385 
084 4118 
084 4850 


11-87761 

86728 
85698 
84669 

83642 


0-996 4746 
996 4685 
996 4624 
996 4563 
996 4501 


45 
44 
43 
43 


20 
21 
22 


0-079 9090 
079 9815 
080 0539 


0-080 1653 
080 2385 
080 3117 


12-47422 
46284 
45*49 


0-996 8022 
996 7964 
996 7905 


0-084 2576 
084 3300 
0844025 


0-084 5583 
0846315 
084 7047 


11-82617 

81593 
80571 


0-996 4440 
996 4379 
9964317 


40 
39 
38 


23 


080 1264 


080 3849 


44015 


996 7847 


0844750 


084 7780 


79552 


996 4256 


37 


*4 


080 1989 


080 4581 


42883 


996 7789 


-084 5474 


084 8512 


78533 


996 4195 


36 


26 


0-080 2714 
080 3439 


0-0805313 
080 6045 


"41753 
40626 


0-996 7730 
996 7672 


0-084 6199 
084 6923 


0-084 9245 
084 9977 


11-77517 

76502 


o 996 433 
996 4071 


35 
34 


27 

28 


080 4164 
080 4889 


080 6777 
080 7509 


39500 
38377 


996 7614 

996 7555 


084 7648 
-084 8373 


085 0710 
-085 1442 


75489 
74478 


996 4010 
996 3948 


33 

33 


29 


080 5614 


080 8241 


37255 


996 7497 


084 9097 


-085 2175 


73468 


996 3886 


31 


30 


0-080 6338 


0-080 8973 


12-36136 


0-996 7438 


0-084 9822 


0-085 2907 


11-72461 


0-996 3825 


10 


3 Z 


080 7063 


080 9705 


35018 


.996 7379 


085 0546 


085 3640 


71454 


996 3763 


? 
2Q 


32 


080 7788 


081 0437 


33903 


996 732* 


085 1271 


085 4372 


70450 


996 3701 


^ r y 
28 


33 


080 8513 


08 i 1169 


32789 


996 7262 


085 1996 


085 5105 


69447 


996 3639 


27 


34 


080 9238 


08 i 1901 


31678 


996 7203 


085 2720 


085 5837 


68446 


996 3577 


26 


35 


0-080 9963 


0-081 2633 


12-30568 


0-996 7144 


0-085 3445 


0-085 6570 


11-67447 


0-996 3515 




36 


08 1 0687 


081 3365 


29461 


996 7085 


085 4169 


085 7302 


66450 


996 3453 


24 


37 


081 1412 


081 4097 


28355 


996 7026 


085 4894 


085 8035 


65454 


996 3391 


-^ 
23 


38 


081 2137 


08 i 4829 


27252 


996 6967 


085 5618 


085 8768 


64459 


996 3329 


22 


39 


081 2862 


081 5561 


26150 


996 6908 


085 6343 


085 9500 


63467 


.996 3266 


21 


40 


0-081 3587 


0-081 6293 


12-25051 


0-996 6849 


0-085 7067 


0-086 0233 


11-62476 


0-996 3204 


2O 


4 Z 


081 4312 


081 7025 


23953 


996 6790 


085 7792 


086 0965 


61487 


996 3142 


19 


4 2 


081 5036 


081 7757 


22857 


996 6730 


085 8517 


086 1698 


60499 


996 3079 


18 


43 


081 5761 


081 8489 


21763 


996 6671 


085 9241 


086 2431 


59514 


996 3017 


17 


44 


08 i 6486 


081 9221 


20672 


996 6612 


085 9966 


086 3163 


58529 


996 2954 


16 


45 


0-081 7211 


0-081 9953 


12-19582 


0-996 6552 


0-086 0690 


0-086 3896 


"57547 


0*996 2892 


15 


46 


081 7936 


082 0685 


18494 


996 6493 


086 1415 


086 4629 


56566 


.996 2829 


14 


47 


081 8660 


082 1418 


17408 


996 6433 


086 2139 


086 5361 


55587 


996 2766 


"Tf 
13 


48 


081 9385 


082 2150 


16324 


996 6374 


086 2864 


086 6094 


54609 


996 2704 


12 


49 


-082 ono 


082 2882 


15241 


996 6314 


086 3588 


086 6827 


53633 


996 2641 


II 


5<> 


0-082 0835 


0-082 3614 


12-14161 


0-996 6255 


0-086 4313 


0-086 7559 


"52659 


0-996 2578 


IO 


51 


082 1559 


082 4346 


13083 


996 6195 


086 5037 


086 8292 


51686 


-996 2515 


OQ 


5* 


082 2284 


082 5078 


12006 


996 6135 


086 5762 


086 9025 


50715 


996 2452 


v ;f 
08 


53 


-082 3009 


082 5810 


10932 


996 6075 


-086 6486 


086 9757 


49746 


996 2389 




54 


082 3734 


082 6543 


09859 


996 6015 


086 7211 


087 0490 


48778 


-996 2326 


06 


55 


0-082 4458 


0-082 7275 


12-08788 


0-996 5955 


0-086 7935 


0-087 1223 


11-47812 


0-996 2263 


OK 


56 


082 5183 


082 8007 


07719 


996 5895 


086 8660 


087 1956 


46847 


-996 22OO 


v 7 


57 


082 5908 


082 8739 


06652 


996 5835 


-086 9384 


087 2688 


45884 


996 2137 


ot 


58 


082 6633 


082 9471 


05587 


996 5775 


087 0109 


087 3421 


44923 


996 2074 


J 

02 


59 


082 7357 


083 0204 


04524 


996 5715 


087 0833 


0874154 


43963 


996 2010 


01 


60 


0*082 8082 


0-083 0936 


12-03462 


0-996 5655 


0-087 1557 


0-087 4887 


11-43005 


0-996 1947 


00 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 


s 


d 


724-725 


733-731 


1062-1180 


60-57 


724-725 


733-732 


958-1059 


64-60 


d 



5" 41- 



5 h 40" 



C-ll 



5-442 



0" 21 



sin 



1 0-087 1557 
087 2282 
087 3006 

087 3731 

087 4455 

1 0-087 5180 
-087 5904 
-087 6628 
-087 7353 
-087 8077 

0-087 8802 
087 95*6 
088 0251 
088 0975 
088 1699 



tan 

0-087 4887 
087 5619 
-087 6352 
087 7085 
087 7818 

0-087 8551 
087 9284 
088 0016 
088 0749 

088 t482 



cot 

11-43005 
42049 
41094 
40140 
39188 

11-38238 
37290 
36342 
35397 
34453 

n-3351 * 
3*570 
.31630 
.30693 
29756 

11-28822 
27889 
26957 
26027 
25098 

11-24171 
23246 
22322 
21399 
20478 

11-19559 
18640 

17724 
16809 

15895 

11-14983 
14073 
13163 
12256 
U350 

11-10445 
09542 
08640 
07739 
06841 



63-67 
COS 

0-996 1947 
996 1884 
996 1820 
996 1757 
996 1693 

0-996 1629 
996 1566 
996 1502 
996 1438 
996 1374 

0-996 1311 
996 1247 
996 1183 
-996 1119 
996 1054 

0-996 0990 
996 0926 
996 0862 
996 0798 
996 0733 

0-996 0669 
.996 0604 
996 0540 
.996 0475 
996 0411 

0-996 0346 
.996 0281 
.996 0216 
996 0152 
996 0087 

0-996 0022 

995 9957 
995 9892 
.995 9827 
995 9762 

0-995 9696 
995 9631 
995 9566 
995 950 
995 9435 



725-7=83 

sin 



0-091 5204 
091 5938 
091 6671 
091 7404 
091 8138 



0-091 5016 0-091 8871 



COS 



724-7*5 



cot 



n-05943 
05047 
-04152 
03259 
-02368 

11-01477 
11-00588 

IO-997 01 
98815 
97930 

10-97047 
96165 
95285 
94406 
93528 

10-92652 

91777 
90904 
90032 
89161 

10-88292 



0-091 5016 
091 574 
091 6465 
091 7189 
091 7913 

0-091 8637 
091 9361 
092 0085 
092 0809 
092 1534 

0-092 2258 
092 2982 
092 3706 
092 443 
092 5^54 

0-092 5878 
092 6602 
092 7326 
092 8050 
092 8775 

0-092 9499 
093 0223 
093 0947 
093 1671 
093 2395 

0-093 3H9 
093 3843 
093 4567 
093 5291 
093 6015 



0-995 9370 
995 934 
995 9238 
995 9173 
995 9107 

0-995 9041 
995 8976 
995 891 
995 8844 
995 8778 

0-995 8712 
995 8646 
995 8580 
995 8514 
995 8448 

0-995 8 38i 
995 8315 
995 8249 
995 8182 
995 8116 



0-093 6739 
093 7463 
093 8187 
093 8911 
093 9635 

0-094 0359 
094 1083 
-094 1807 
094 2531 
094 3255 

0-094 3979 
-094 4703 
094 5427 
094 6151 
-094 6875 

0-094 7599 
-094 8323 
-094 947 
094 977i 
095 0495 

0-095 1219 
095 1942 
095 2666 
095 339 
095 4" 4 

0-095 4838 
095 5562 
095 6286 
095 7010 
095 7734 



0-091 8871 
091 9604 
092 0338 
092 1071 
092 1804 

0-092 2538 
092 3271 
092 4005 
092 4738 
092 5472 

0-092 6205 
092 6938 
092 7672 
092 8405 
092 9139 

0-092 9872 
093 0606 
093 1339 
-093 2073 
093 2807 

0-093 354 
093 4274 
093 5007 
093 574 
093 6474 

0-093 7208 
093 7942 
-093 8675 
093 949 
094 0143 

0-094 0876 
094 1610 
094 2344 
094 3077 
094 3811 



0-094 4545 
094 5278 
094 6012 
094 6746 
094 7480 



10-88292 
87424 
86558 
85693 
84829 

10-83966 
83105 
82246 
81387 
80530 

10-79675 
.78820 

77967 
77116 
76265 

io-754i6 
74569 
73722 
72877 
72034 

10-71191 
.70350 
69510 
-68672 
67835 

10*66999 
66164 
65331 
64499 
63669 

10-62839 
62011 
61184 
60359 
59534 

10-58711 
57889 
.57069 
56250 

55432 



0-995 8049 
995 7983 
995 7'. 
995 7849 
995 7783 

0-995 77i6 
995 7649 
995 7582 
995 75i5 
995 7448 

0-995 7 
995 73H | 
995 7247 
995-3 
995 7"3 

0-995 7045 
995 6978 
995 6910 I 
.995 6843 
995 6775 

I 

0-995 6708 
995 6640 
995 6573 
995 6505 
995 6437 

0-995 6369 
995 6301 
995 6233 
995 6165 
995 6097 

0-995 6029 
995 .- 
995 5893 
995 5825 
995 5756 

Q-995 5688 
995 5620 
995 555' 
995 5483 
995 54-4 



45 



0-995 8049 I o-95 8458 



0-094 8213 
-094 8947 
094 9681 
095 0415 
095 1148 

0-095 1882 
095 2616 
095 335 
-095 4084 
-095 4818 

0-095 5551 
095 6285 
095 7019 
095 7753 
095 8487 

0-095 9221 
095 9955 
096 0689 
096 1423 
096 2157 

0-096 2890 



sn 



67-63 



10-54615 
53800 

52985 
52172 
.51361 

10-50550 
49741 
48933 
48126 

47321 
10-46516 
457U 
44911 
44111 
433H 

10-42513 
41716 
40920 
40125 
39332 

10-38540 



0-995 5345 

995 5277 

995 5208 

995 5139 

995 5 
0-995 5002 

995 4933 

995 4864 

995 4795 

995 4726 

0-995 4656 
995 4587 
995 45 8 
995 4449 
995 4379 

0-995 4310 I 05 
995 4240 04 
995 4 1 ?' 03 
995 4101 02 
.995 4032 01 

0-995 3962 oo 



C-12 



cot tan 

734-733! 792-868 
5 h 38 r 



O h 22" 



0" 23 



TM 5-442 



d 


724-723 


734-735 


791-725 


69-73 


724-723 


734-736 


724-666 


73-76 


c 


s 


sin 


tan 


cot 


cos 


sin 


tan 


cot 


cos 




00 


0-095 8458 


0-096 2890 


10-38540 


0-995 3962 


o-ioo 1 88 1 


o-ioo 6947 


9-93101 


0-994 968 


60 


OI 


095 9181 


096 3624 


37749 


995 3892 


ioo 260.. 


ioo 7682 


92377 


994 9612 


59 


02 

03 


095 9905 
096 0629 


096 4358 
096 5092 


36959 
36170 


995 3822 
995 3753 


ioo 332! 
ioo 4051 


ioo 8416 
ioo 9151 


91654 
90932 


994 9539 
994 9466 


58 

57 


04 


096 1353 


096 5826 


35383 


995 3683 


ioo 4775 


ioo 9886 


90211 


994 9393 


56 


OS 
06 


0-096 2077 
096 2801 


0-096 6560 
096 729.1 


10-34596 
338n 


0-995 3613 
995 3543 


o-ioo 5498 
ioo 6222 


o-ioi 0620 
ioi 1355 


9-89491 
88773 


0-994 9320 
994 9247 


55 
54 


07 
08 
09 


096 3525 
096 424? 
096 4972 


096 802? 
096 8763 

096 9497 


33027 
32245 
31463 


995 3473 
995 3403 
995 3333 


ioo 6945 
ioo 7669 
ioo 8392 


ioi 2089 
ioi 2824 
ioi 3559 


88055 
87338 
86623 


994 9174 
994 9101 
994 9027 


53 

53 


IO 


0-096 5696 


0-097 0*231 


10-30683 


0-995 3262 


o-ioo 9116 


o-ioi 4294 


9-85908 


0-994 8954 


50 


XI 


096 6420 


097 0965 


29904 


995 3192 


ioo 9839 


ioi 5028 


85194 


994 8881 


49 


12 


096 7144 


097 1699 


29126 


995 3122 


ioi 0563 


ioi 5763 


84482 


994 8807 


48 


13 


096 7867 


097 2433 


28349 


995 3051 


ioi 1286 


ioi 6498 


83770 


994 8734 


47 


14 


096 8591 


097 3167 


27573 


995 2981 


IOI 2OIO 


ioi 7232 


83059 


994 8660 


46 





0-096 9315 


0-097 3901 


10-26798 


0-995 2911 


o-ioi 2733 


o-ioi 7967 


9-82350 


0-994 8586 


45 


16 


097 0039 


097 4635 


26025 


995 2840 


"I 3457 


ioi 8702 


81641 


-994 8513 


44 


17 
18 


097 0763 
097 1486 


097 5369 
097 6103 


25253 
24482 


995 2769 
995 2699 


ioi 4180 
ioi 4904 


ioi 9437 

IO2 OI7I 


80934 

80227 


994 8439 
994 8365 


43 

42 


19 


097 2210 


097 6838 


23712 


995 2628 


lor 5627 


I 02 0906 


79522 


994 8291 


41 


20 
21 


0-097 2934 
097 3658 


0-097 7572 
097 8306 


10-22943 
22175 


0-995 2557 
995 2487 


o-ioi 6351 
ioi 7074 


0-102 1641 
102 2376 


9-78817 
78114 


0-994 8217 
994 8144 


40 
39 


22 


097 438l 


097 9040 


21409 


995 2416 


ioi 7798 


102 3III 


77411 


994 8070 


38 


33 
34 


097 5105 
097 5829 


097 9774 
098 0509 


20643 
19879 


995 2345 
995 2274 


ioi 8521 
loi 9245 


102 3846 
102 4580 


76710 

76009 


994 7996 
994 7921 


37 
36 


35 


0-097 6553 


0-098 1243 


10*19116 


0-995 2203 


o-ioi 9968 


0-102 5315 


9-75310 


0-994 7847 


35 


26 

28 
29 


097 7276 
097 8000 
097 8724 
0979448 


098 1977 
098 2711 
098 3446 
098 4180 


18354 
17593 
16833 
16075 


995 2132 
995 2061 
995 1990 
995 1919 


102 0691 
102 1415 
102 2138 
102 2862 


102 6050 
IO2 6785 
102 7520 
102 8255 


74611 
73914 
73217 

72522 


994 7773 
994 7699 
994 7625 
994 7550 


34 
33 
33 
31 


30 


0-098 OI7I 
098 0895 


0-098 4914 
098 5648 


10-15317 
14561 


0-995 1847 
995 1776 


0-102 3585 
102 4308 


0-102 8990 
102 9725 


9-71827 

7"33 


0-994 7476 
994 7401 


30 


33 
33 
34 


098 1619 
098 2343 
098 3066 


098 6383 
098 7117 
0987851 


13805 
13051 
12298 


995 1705 
995 i633 
995 1562 


102 5032 

102 5755 

102 6479 


IO3 0460 

103 1195 

103 1930 


70441 

69749 
69058 


994 7327 
994 7252 
994 7178 


28 

37 
26 


35 
36 


0-098 3790 
098 4514 


0-098 8586 
098 9320 


10-11546 
10795 


0-995 1490 
995 1419 


0-102 7202 

1027925 


0-103 2664 
103 3399 


9-68369 
67680 


o-994 7103 
994 7028 


35 


37 
38 


098 5237 
098 5961 


099 0054 
099 0789 


10046 
09297 


995 1347 
995 1275 


102 8649 
102 9372 


103 4134 
103 4869 


66992 
66305 


994 6953 
9946879 


33 

22 


39 


098 6685 


099 1523 


08550 


995 1204 


103 0095 


103 5604 


65620 


994 6804 


21 


40 
41 

43 
43 


0-098 7408 
098 8132 
098 8856 

098 9579 


0-099 2257 
099 2992 
099 3726 
099 4460 


10-07803 
07058 
06314 
05570 


0-995 "32 
995 1060 
995 0988 
995 0916 


O-IO3 0819 
-103 1542 
103 226S 
103 2989 


0-103 6340 
103 7075 
103 7810 
103 8545 


9-64935 
64251 
63568 
62886 


0-994 6729 
994 6654 
994 6579 
994 6504 


20 

18 

17 


44 


099 0303 


099 5195 


04828 


995 0844 


103 3712 


-103 9280 


62205 


994 6428 


* / 

16 


45 


0-099 H027 


0-099 5929 


10-04087 


o-995 0772 


0-103 4435 


0-104 0015 


9-61525 


0-994 6353 




46 


099 1750 


099 6664 


03347 


995 0700 


103 5159 


104 0750 


60846 


994 6278 




47 
48 


099 2474 
099 3197 


099 7398 
099 8133 


02609 
01871 


995 0628 
995 0556 


103 5882 
103 6605 


104 1485 

IO4 2220 


60167 
5949 


994 6203 
994 6127 


13 

12 


49 


099 3921 


099 8867 


01134 


995 0483 


103 7329 


1042955 


58814 


994 6052 


II 


50 


0-099 4645 


0-099 9602 


10-00399 


0-995 0411 


0-103 8052 


0-104 3690 


9-58139 


O-OQ4 S076 


;Q 


5* 


099 5368 


1000336 


9-99664 


995 0339 


*3 8775 


1044426 


57464 


w yy^ j y / * 

'994 59i 


OO 


53 
53 


099 6092 
099 6816 


ioo 1071 
ioo 1805 


98931 
98198 


995 0266 
995 0194 


103 9499 

104 O222 


104 5161 
104 5896 


56791 
56118 


994 5825 
994 5750 


VV 

08 

O7 


54 


099 7539 


ioo 2540 


.97467 


995 0121 


1040945 


104 6631 


55447 


994 5674 


*'/ 
06 


55 
56 


0-099 8263 
099 8986 


o-ioo 3274 
ioo 4009 


9.96736 
96007 


0-995 0049 
994 9976 


O-I04 l668 
1042392 


0-1047366 

104 8101 


9-54776 


0-994 5598 
994 5523 


05 
04 


57 
59 


099 9710 
1000433 
ioo 1157 


ioo 4743 
1005478 
ioo 6212 


95379 
94552 
93826 


994 9904 
994 9831 
994 9758 


I043II5 
1043838 
104 4561 


1048837 
1049572 
105 0307 


53437 
52769 
52102 


994 5447 
994 537i 
994 5295 


03 
O2 
OI 


60 


o-ioo 1 88 1 


o-ioo 6947 


9-93101 


0-994 9685 


0-104 5285 


0-105 1042 


9-5I436 


0-994 5219 


OO 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 


8 


d 


723-724 


735-734 


725-791 


73-69 


723-724 


736-734 


666-724 







5" 37-" 



5" 36- 



C-13 



5-442 



0" 24" 



0" 25' 



d 


724-722 


735-736 


665-614 


76-80 


723-722 


736-737 


613-568 


79-83 


d 




sin 


tan 


cot 


cos 


sin 


tan 


cot 


cos 




8 

oo 


0-1045285 


0-105 1042 


9-51436 


0-994 5219 


0-1088669 


0-109 5178 


9-13093 


0-994 0563 


60 


OI 


1046008 


105 1778 


50771 


994 5H3 


108 9392 


109 5914 


12480 


994 0484 


59 


02 


1046731 


105 2513 


50107 


994 5067 


109 0115 


109 6650 


11868 


994 0405 


58 


03 


1047454 


105 3248 


49444 


9944991 


109 0837 


1097386 


11256 


994 0326 


57 


04 


1048178 


105 3983 


-48781 


994 49H 


109 1560 


109 8122 


10646 


994 <46 


56 


05 


0-104 8901 


0-105 4719 


9-48120 


0-994 4838 


0-109 2283 


0-1098858 


9-10036 


0-994 0167 


55 


06 


1049624 


105 S454 


47460 


994 4762 


109 3006 


1099594 


09427 


994 0087 


54 


07 


105 0347 


105 6189 


46800 


994 4686 


109 3729 


no 0330 


08818 


994 0008 


53 


08 


105 1070 


105 6925 


46141 


994 4609 


109445* 


110 1066 


08211 


993 9928 


53 


09 


105 1794 


105 7660 


45483 


994 4533 


1095175 


no 1802 


07604 


993 9849 


5* 


xo 


0-105 3517 


0-105 8395 


9-44826 


0-994 4456 


0-109 5897 


o-iio 2538 


9-06998 


0-993 9769 


5<> 


XX 


105 3240 


1059131 


44170 


994 438o 


109 6620 


1103274 


06393 


993 9689 


49 


23 


i5 3963 


105 9866 


435*5 


994 4303 


1097343 


no 4010 


05789 


993 9610 


48 


*3 


105 4686 


i 06 0602 


42861 


994 4226 


109 8066 


1104746 


05185 


993 9530 


47 


'4 


105 5409 


106 1337 


42208 


994 4150 


1098789 


i 10 5482 


04582 


993 9450 


46 


*5 


0-105 6133 


0-106 2072 


9-4I555 


0-994 4073 


0-1099512 


0-1106219 


9-03980 


0-993 9370 


45 


x6 


105 6856 


106 2808 


40904 


994 3996 


1100234 


no 6955 


03379 


993 9290 


44 


7 


105 7579 


1063543 


40253 


994 3919 


1100957 


no 7691 


02779 


993 9210 


43 


x8 


105 8302 


1064279 


.39603 


994 3842 


no 1680 


no 8427 


02179 


993 9130 


4 


*9 


105 9025 


106 5014 


38955 


994 3765 


1102403 


no 9163 


01581 


993 9050 


4i 


30 


0-105 9748 


0-106 5750 


9-38307 


0-994 3688 


o-iio 3126 


o-iio 9899 


9-00983 


0-993 8969 


4 


31 


106 0471 


106 6485 


37660 


9943611 


1103848 


in 0636 


9-00385 


-993 8889 


39 


33 


106 1194 


106 7221 


37013 


994 3534 


1104571 


in 1372 


8-99789 


993 8809 


38 


33 


106 1918 


106 7956 


.36368 


994 3457 


1105294 


in 2108 


.99193 


993 8729 


37 


*4 


i 06 2641 


i 06 8692 


35724 


994 3379 


no 6017 


in 2844 


.98598 


993 8648 


36 


35 


0-106 3364 


0-106 9427 


9-35080 


0-994 3302 


o-iio 6739 


o-iii 3580 


8-98004 


0-993 8568 


35 


36 


106 4087 


107 0163 


34437 


994 3225 


i 10 7462 


in 4317 


974" 


993 8487 


34 


37 


106 4810 


107 0898 


33795 


994 3H7 


1108185 


in 5053 


96818 


993 8407 


33 


38 


1065533 


107 1634 


33^55 


994 3070 


1 10 8908 


in 5789 


96227 


993 8326 


33 


39 


106 6256 


107 2369 


3*514 


994 2992 


i 10 9630 


in 6525 


95636 


993 8245 


3* 


30 


0-106 6979 


0-107 3105 


9-3I875 


0-994 2915 


o-iii 0353 


o-iii 7262 


8-95045 


0-993 8165 


30 


3* 


i 06 7702 


107 3841 


337 


994 2837 


III 1076 


in 7998 


94456 


993 8084 


39 


33 


106 8425 


1074576 


30599 


-994 2760 


III 1799 


in 8734 


93867 


993 8003 


38 


33 


106 9148 


1075312 


29963 


994 2682 


III 2521 


in 9471 


93279 


993 7922 


37 


34 


106 9871 


107 6048 


29327 


994 2604 


III 3244 


112 02O7 
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33588 


990 836^ 


57 


04 


130 8146 


131 9484 


57872 


991 4069 


135 1392 


136 3903 


33190 


990 8266 


56 


05 


0-1308867 


0-132 0224 


7-57447 


o-99i 3973 


0-135 2112 


0-136 4644 


7-32792 


0-990 8i6( 


55 


06 


130 9588 


132 0964 


57023 


991 3878 


135 2833 


136 5385 


32394 


990 8070 


54 


07 


131 0309 


132 1704 


56599 


991 3783 


135 3553 


136 6125 


.31997 


990 797i 


53 


08 


131 1030 


1322444 


56176 


991 3688 


135 4274 


136 6866 


31600 


990 7873 


5 


9 


131 1751 


1323184 


55753 


991 3592 


135 4994 


136 7607 


31204 


090 7774 


5^ 


10 


0-131 2472 


0-132 3924 


7-55330 


o-99i 3497 


0-135 5715 


0-136 8348 


7-30808 


0-990 7676 


50 


ii 


131 3192 


132 4664 


54908 


991 3401 


135 6435 


136 9089 


30413 


990 7577 


49 


12 


131 3913 


132 5404 


54487 


991 33o6 


I357I56 


136 9830 


30018 


990 7478 


4 


3 


131 4634 


132 6144 


54066 


991 3210 


135 7.876 


137 0570 


29623 


990 7380 


47 


M 


131 S35S 


132 6884 


53645 


991 3"5 


135 8597 


137 13" 


29229 


990 7281 


46 


15 


0-131 6076 


0-132 7624 


7-53225 


0-991 3019 


0-135 9317 


0-137 2052 


7-28835 


0-990 7182 


45 


16 


131 6797 


132 8364 


52806 


991 2923 


136 0038 


1372793 


28442 


990 7083 


44 


7 


131 75i8 


1329104 


52387 


99: 2827 


1360758 


137 3534 


28049 


090 6984 


43 


18 


131 8239 


132 9844 


51968 


991 2732 


136 1479 


1374275 


27656 


990 6885 


4 


19 


131 8960 


133 0584 


51550 


991 2636 


136 2199 


137 5016 


27264 


990 6786 


4* 


20 


0-131 9681 


0-133 1324 


7-5II32 


0-991 2540 


0-136 2919 


0-137 5757 


7-26873 


0-990 6687 


40 


21 


132 0401 


133 2064 


50714 


-991 2444 


136 3640 


137 6498 


26481 


990 6588 


39 


22 


132 1122 


133 2805 


50298 


991 2348 


136 4360 


1377239 


26090 


990 6489 


38 


23 


132 1843 


133 3S4S 


49881 


991 2252 


136 5081 


1377980 


25700 


990 6390 


37 


4 


132 2564 


i 33" 4285 


49465 


99i 2155 


136 5801 


137 8721 


25310 


990 6290 


36 


25 


0-I32 3285 


0-133 5025 


7-49050 


0-991 2059 


0-136 6522 


0-137 9462 


7-24920 


0-990 6191 


35 


26 


132 4006 


133 5765 


48635 


991 1963 


1367242 


138 0203 


24531 


990 6092 


34 


27 


132 47z6 


US 6505 


48220 


991 1867 


136 7962 


1380944 


24142 


990 5992 


33 


28 


132 5447 


133 7246 


47806 


991 1770 


1368683 


138 1685 


23754 


990 5893 


32 


29 


1326168 


133 7986 


47392 


991 1674 


1369403 


138 2426 


23366 


990 5793 


31 


30 


0-132 6889 


0-133 8726 


7-46979 


0-991 1577 


0-137 0123 


0-138 3168 


7-22978 


0-990 5693 


30 


3 1 


132 7610 


133 9466 


46566 


991 1481 


1370844 


138 3909 


22591 


990 5594 


*9 


3* 


1328330 


1340207 


46154 


991 1384 


137 1564 


138 4650 


22204 


990 5494 


28 


33 


132 9051 


1340947 


45742 


991 1288 


1372284 


138 539i 


21818 


990 5394 


*7 


34 


1329772 


134 1687 


45330 


991 1191 


137 3005 


138 6132 


21432 


990 5294 


26 


35 


0-1330493 


0-134 2428 


7-44919 


0-991 1094 


0-137 3725 


0-1386873 


7-21046 


o-990 5195 


5 


36 


133 "13 


134 3168 


. -44509 


991 0997 


1374445 


138 7615 


20661 


990 5095 


4 


37 


133 "934 


1343908 


44098 


991 0901 


137 5166 


1388356 


20276 


990 4995 


*3 


38 


-133 2655 


1344649 


43689 


991 0804 


137 5886 


138 9097 


19892 


990 4895 


22 


39 


133 3376 


1345389 


43279 


991 0707 


137 6606 


1389838 


19508 


990 4795 


21 


40 


0-1334096 


0-134 6129 


7-42871 


0-991 0610 


0-137 7327 


0-139 0580 


7-19125 


0-990 4694 


20 


4i 


133 4817 


134 6870 


42462 


991 0513 


137 8047 


139 1321 


18741 


-990 4594 


9 


4 


133 5538 


1347610 


42054 


991 0416 


137 8767 


139 2062 


18359 


990 4494 


18 


43 


133 6258 


1348351 


41647 


991 0319 


137 9488 


139 2804 


17976 


990 4394 


*7 


44 


133 6979 


1349091 


41240 


991 0221 


138 0208 


1393545 


17594 


990 4293 


16 


45 


0-133 77oo 


0-1349832 


7-40833 


0-99I 0124 


0-138 0928 


0-1394286 


7-17213 


0-990 4193 


*5 


46 


133 8421 


'35 0572 


40427 


991 OO27 


138 1648 


139 5028 


16832 


990 4092 


*4 


47 


133 9Hi 


135 1313 


40021 


-990 9929 


138 2369 


'39 5769 


16451 


990 3992 


*3 


48 


133 9862 


135 2053 


39616 


990 9832 


138 3089 


139 6510 


16071 


990 3891 


12 


49 


1340583 


135 2794 


3921 1 


9909735 


138 3809 


1397252 


15691 


990 3791 


XI 


5 


0-134 1303 


0-135 3534 


7-38807 


0-990 9637 


0-138 4529 


0-1397993 


7-15311 


0-990 3690 


10 


51 


1342024 


135 4275 


38403 


990 9539 


138 5249 


1398735 


14932 


990 3589 


09 


5> 


1342744 


135 5015 


37999 


990 9442 


138 5970 


139 9476 


H553 


990 3489 


08 


53 


-1343465 


135 5756 


-37596 


990 9344 


138 6690 


140 0218 


HI75 


990 3388 


07 


54 


1344186 


135 6496 


37193 


990 9246 


138 7410 


1400959 


13797 


990 3287 


06 


55 


0-1344906 


0-135 7237 


7-36791 


0-990 9149 


0-138 8130 


0-140 1701 


7-I34I9 


0-990 3186 


05 


56 


1345627 


135 7978 


36389 


9909051 


1388850 


1402442 


13042 


990 3085 


04 


57 


1346348 


135 8718 


35988 


990 8953 


138 9571 


140 3184 


12665 


990 2984 


03 


58 


1347068 


135 9459 


35587 


990 8855 


139 0291 


1403925 


12289 


990 2883 


02 


59 


134 7789 


136 O2OO 


35i86 


990 8757 


139 ion 


140 4667 


11913 


990 2782 


OI 


60 


0-1348509 


0-136 0940 


7-34786 


0-990 8659 


0-139 i73i 


0-140 5408 


7-H537 


0-090 2681 


OO 

g 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 




d 


720-721 


741-739 


400-426 


98-95 


720-721 


742-740 


376-400 


101-98 


d 



5" 29" 



C-L7 



TM 5-442 



0" 32" 



O h 33' 



d 


721-719 


741-743 


375-353 


101-105 


720-719 


742-744 


353-333 




d 




sin 


tan 


cot 


COS 


sin . 


tan 


cot 


COS 




8 
00 
OX 
03 

03 

04 


139 1731 
139 MS 1 
1393I7I 
139 3891 
139 4612 


1405408 
1406150 
1406892 
1407633 
140 8375 


7'537 
11162 
10787 
10412 
10038 


990 2681 
990 2579 
990 2478 
990 2377 
990 2275 


0-143 4926 
143 5646 
143 6366 
1437085 
1437805 


0-1449931 

145 0674 

145 1416 
145 2159 

145 2901 


6-89688 

89335 
88982 
88630 
88378 


989 6514 
989 6409 
989 6305 

989 6201 
989 6096 


60 
59 
58 
57 
56 


OS 

06 

07 
08 
09 


0-139 S332 
139 6052 
139 6773 
139 749* 
139 8212 


140 9116 
1409858 
141 0600 
141 1342 
141 2083 


7-09665 
09291 
08918 
08546 
08174 


0-990 2174 
990 2072 
-990 1971 
990 1869 
990 1768 


0-143 8525 
143 9244 

143 99 6 4 
1440684 
1441403 


0-145 3644 
145 4386 
145 5129 
145 5872 
145 6614 


6-87936 

87575 
87324 
86874 
86524 


0-989 5991 
989 5887 
.989 5782 
989 5677 

989 5573 


55 

54 
53 

5i 


xo 

XI 
13 

X4 


0-139 8932 
139 9652 
1400372 
140 1092 
140 1812 


0-141 2825 
HI 3567 
141 4308 

141 5050 
141 5792 


7-07802 
07430 
07059 
06689 
06318 


0-990 1666 
-990 1564 
990 1462 
990 1361 
990 1259 


0-144 2123 
-1442842 
1.1443562 
144 4282 
1445001 


0-145 7357 
145 8100 
145 8842 
145 9585 
146 0328 


6-86174 
85834 
85475 
85136 
84778 


0-989 5468 
989 5303 
989 5258 
989 5153 
989 5048 


So 
49 
48 
47 
46 


X5 
16 

17 
x8 

19 


0-140 2532 
140 3252 
140 3972 
140 4692 
140 5412 


0-141 6534 
141 7276 
141 8017 
141 8759 
141 9501 


7-05949 
05579 
05210 
04841 
04473 


0-990 "57 
990 1055 
990 0953 
990 0850 
-990 0748 


1446440 
1447160 

1447879 
1448599 


0-146 1070 
146 1813 
146 2556 
146 3299 
146 4041 


6-84430 
84082 
83735 
83387 
83041 


0-989 4943 
989 4838 
989 4732 
989 4627 
989 4522 


45 
44 
43 

43 

4i 


30 
31 
33 

23 
24 


0-140 6132 
140 6852 
1407572 
140 8292 
140 9012 


0-142 0243 
1420985 
142 1727 
142 2469 
142 3211 


7-04105 

03737 
03370 
03003 
02637 


0-990 0646 
990 0544 
990 0441 
990 0339 
990 0237 


0-14493I9 
145 0038 
1450758 

145 H77 
145 2197 


0-146 4784 
146 55*7 
146 6270 
146 7013 
146 7756 


6-82694 
83348 
83003 
81657 
81313 


0-989 4416 
9894311 
989 4205 
989 4100 
989 3994 


40 
39 
38 
37 
36 


25 

36 

27 

38 

29 


0-140 9732 
141 0452 
141 1172 
141 1892 
141 2612 


0-142 3953 
1424695 
142 5437 
142 6179 
142 6921 


7-02271 
01905 
01539 
01174 
00810 


0-9900134 
990 0032 
989 9929 
989 9826 
-989 9724 


0-145 2916 
145 3636 
1454355 
US 5075 
145 5794 


0-146 8499 
146 9342 
146 9984 
1470727 
147 1470 


6-80968 
80623 
80279 
79936 
79592 


0-989 3889 
989 3783 
989 3677 
989 3572 
989 3466 


35 
34 
33 

33 


30 
32 

33 
34 


0-141 3332 
141 4052 
141 4772 
141 5492 
141 6212 


0-142 7663 
142 8405 
142 9147 
1429889 
143 06: i 


7-00446 
7-00082 
6-99718 
99355 
98992 


0-989 9621 
9899518 

989 9415 
9899312 
989 9209 


0-145 6514 
145 7233 
145 7953 
145 8672 

145 9391 


0-147 2213 
1472956 
147 3099 
1474442 
1475185 


679249 
78907 
78564 
78223 
77881 


.0-989 3360 
989 3254 
989 3148 
989 3042 
989 2936 


30 
39 

38 
36 


35 
36 
37 
38 
39 


0-141 6931 
141 7651 
141 8371 
141 9091 
141 9811 


0-143 1373 
143 2115 
143 2857 
143 3600 
143 4342 


6-98630 
98268 
97906 

97545 
97184 


0-989 9106 
989 9003 
989 8900 
989 8797 
989 8694 


0-146 01 1 1 
146 0830 
146 1550 
146 2269 
146 2989 


0-1475928 
147 6672 

1478158 
1478901 


6-77540 
77199 
76858 
76518 
76178 


0-989 2830 
989 2723 
989 2617 
989 2511 
989 2404 


25 

24 
23 

33 

31 


40 
4' 
42 
43 
44 


0-142 0531 
142 125 
142 1970 
142 2690 
142 3410 


0-143 508- 
143 5826 
1436568 

143 73" 
143 8053 


6-96823 
96463 
96103 

95744 
95385 


0-989 8590 
989 8487 
989 8384 
989 8280 
989 8177 


0-146 37oJ 
146 4427 
146 5147 
146 5866 
146 6585 


0-1479644 
1480387 
148 1130 
148 1873 
148 2617 


675838 

75499 
75160 
74821 
74483 


0-989 2298 
989 2192 
989 2085 
989 1978 
989 1872 


3O 
19 

18 

17 

16 


45 
46 
47 
48 


0-1424130 
142 4850 
142 5570 
142 6289 


0-143 8795 

143 9537 
144 0280 

144 1022 


6-95026 
94668 
94310 
93952 


0-989 8073 
989 7970 
989 7866 
989 7762 


o- 146 7305 
146 8021 
1468743 
1469463 


0-148 3360 
148 4103 
1484846 
148 5590 


674145 
73808 
73470 
73133 


0-989 1765 
989 165! 
989 1552 
989 ^445 


15 

i; 

13 


49 


142 7009 


144 1764 


93595 


989 7659 


147' 0182 


148 6333 


72797 


989 1338 


II 




0-142 772 


0-144 250 


6-93238 


0-989 7555 


0-147 0901 


0-148 7076 


672461 


0-989 123 


IO 


5 1 
52 
53 


142844 
142 916 
142988 


144 324 
144399 

144 473 


92881 

92525 
92169 


9897451 
989 7347 
989 7243 


147 1621 
1472340 
147 3059 


148 7819 
148 8563 
148 9306 


72125 
71789 
71454 


989 1124 
989 1017 
989 0910 


O9 
08 


54 


143 060 


144 547 


91814 


989 7139 


147 3779 


149 0050 


71-119 


989 0803 


06 




O-143 i3 2 


0-144 621 


6-91458 


0-989 7035 


0-I474498 


0-1490793 


6-70784 


0-989 069 


05 


56 

57 
58 
59 


143 204 
143 276 
143 348 
143420 


144696 
144770 
144844 
144918 


91104 
.90749 

90395 
90041 


989 6931 
989 6827 
989 6722 
989 6618 


147 5217 
1475936 
147 6656 
1477375 


149 1536 
149 2280 
149 3023 
149 3767 


70450 
70116 
69782 
69449 


989 058 
989 048 
989 0374 
989 026 


4 

o; 

03 
OI 


60 


0-143 492 


0-144 993 


6-89688 


0-989 6514 


0-147 8094 


0-1494510 


6*69116 


0-989 015 


oo 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 






719-721 


743-741 


353-375 


105-^01 


719-720 


744-742 


333-353 


108-104 


d 



G-18 



5 h 27" 



5 h 26" 



0" 34" 



5-442 



107-ni 
COS 



0-147 8094 
147 8813 
147 9533 
148 0252 
1480971 

0-148 1690 
148 2409 
148 39 
148 3848 
148 4567 

0-148 5286 
*H8 6005 
148 6724 
148 7443 
148 8163 

0-148 8882 
148 9601 
149 03*0 
149 1039 
49 1758 

0-1492477 
*49 3196 
149 3915 
149 4634 

*49 5353 
0-149 6072 
149 6792 
U975I i 
149 8230 
1498949 

o- 149 9668 
1500387 
150 no6 
150 1825 
5o 2543 

0-150 3262 
150 3981 
150 4700 

1505419 
150 6138 

0-150 6857 
1507576 
150 8295 
150 9014 
1509733 

0-151 0452 
151 1170 
151 1889 
151 2608 
ISI 33*7 

0-151 4046 
151 4765 
I5i 5484 
151 6202 
151 6921 



0-149 
!49 5253 
H9 5997 
149 6740 
H9 7484 

0-149 8228 
149 8971 
M9 9715 
1500458 

ISO 1202 



[0-151 7640 
151 8359 
151 9078 
151 9796 
1520515 

| 60 I 0-152 1234 



COS 



0-1 53 5425 
153 6170 
153 6914 
53 7658 
153 8403 



6-69116 
'68783 
68451 
68ll8 
67787 

6-67455 
67124 
66794 
66463 
66133 

6-65803 
65474 
65144 
64816 

'64487 
6-64159 
63831 

63503 
63176 
62849 

6-62523 
62196 
61870 

61545 
6l2I9 

6-60894 
60569 
60245 

59921 
59597 

6-59273 
58950 
58627 
58305 
57983 



cot 



6-51285 
50970 
50655 
50340 
50025 

6-49710 



tan 



718-720 | 745-743 I 315-333 

5" 25' 



0-989 0159 
989 0051 

988 9944 
988 9836 
988 9728 

0-988 9621 
988 9513 
988 9405 
988 9297 
988 9189 

0-988 9081 
988 8973 
988 8865 
988 8757 
988 8649 

0-988 8540 
988 8432 
988 8324 
988 8215 
988 8107 

0-988 7998 
988 7890 
988 7781 
988 7673 
988 7564 

0-988 7455 
988 7346 
988 7237 
988 7x28 
988 7019 

0-988 6910 
988 6801 
988 6692 
988 6583 
988 6474 

0-988 6364 
988 6255 
988 6146 
988 6036 
988 5927 

0-988 5817 
988 5708 
988 5598 
988 5488 
988 5378 

0-988 5269 
9885159 
988 5049 
988 4939 
988 4839 

0-988 4719 
988 4609 
988 4498 
988 4388 
988 4278 

0-988 4168 
988 4057 
988 3947 
988 3836 
988 3726 

0-988 3615 



0-152 1234 
152 1953 
152 2671 
152 3390 
1524109 

0-1524828 
'525546 
152 6265 
152 6984 
152 7702 

0-152 8421 
152 9140 
1529858 
153 0577 
153 1296 

0-153 2014 
153 2733 
J 53 3452 
J53 4170 
1534889 

0-153 5607 
153 6326 
1537045 
153 7763 
153 8482 

0-153 9200 

153 9919 
1540637 

154 1356 
1542074 



0-153 9147 
1539892 
1540636 
154 1381 
154 3125 



0-1542793 
I5435II 
1544230 
1544948 
154 5667 

OT54 6385 
1547104 
1547822 
1548541 
154 9259 

0-I549978 
155 0696 
'55 HIS 
155 2133 
155 2851 

o-iSS 3570 
155 488 
155 5006 
'55 5725 
155 6443 

0-J55 7162 
155 788o 
155 8598 
155 9317 
1560035 

0-156 0753 
156 1472 
156 2190 
156 2908 
156 3626 

0-156 4345 



0-1542870 
154 3614 
1544359 
154 5103 
1545848 

0-1546593 

1547337 
1548082 
154 8826 
154 957i 

'155 0316 
155 1061 
155 1805 
155 2550 
155 395 

0-155 4040 
1554784 
155 5529 
155 6274 
155 7019 

0-155 7764 
155 8509 
155 9253 
155 9998 
156 0743 



sin 



cos 



0-156 1488 
1562233 
156 2978 
156 3723 
156 4468 

0-156 52:3 
156 5958 
156 6703 
156 7448 
1568193 

0-156 8939 
156 9684 
1570429 
157 1174 
157 1919 

0-157 2664 
157 3410 
1574155 
157 4900 

1575645 

0- i57 6391 
157 7136 
i57788i 
157 8627 
157 9372 

0-158 0117 
158 0863 
158 1608 
158 2354 
158 3099 

0-158 3844 



cot 



111-107 



6-49710 
49396 
49083 
48769 
48456 

6-48143 
47830 
475i8 
47206 
46894 

6-46583 

46272 
I -45961 
45650 
45340 

6-45030 
44720 
444II 
44102 
43793 

6-43484 
43176 
42868 
42560 
42253 

6-41946 
41639 
41333 
41026 
40720 

6-40415 
40109 
39804 
39499 
39195 

6-38891 
38587 
38283 
3798o 
37676 

6 -37374 
37071 
36769 
36467 
36165 

6-35864 
35562 
35262 
3496i 
34661 

6-34361 
346i 
3376J 
33462 
33163 

6-32864 
32566 
32268 
31970 
31672 

6-31375 



tan 



746-744 | 297-3 i 4 

5" 24' 



M 5-442 



O h 37' 



0-986 9964 
9 86 9847 

986 973 
986 9613 
986 9496 



6-14023 
1374* 
13461 
13180 
12899 



0-162 8603 
162935 
163 0096 
1630843 
163 1590 



0-160 7426 
1608143 
160 8861 
i 60 9579 
16 i 0297 



0-987 6883 
987 6770 
987 6636 
987 6542 
.987 6428 



6-3I375 
.31078 
-30781 
-30485 
30189 



0-158 3844 
1584590 
1585335 
158 6081 
158 6826 



0-156 4345 
156 5063 
156 
1566499 
156 7218 




06 
07 
08 
09 

10 

XI 
12 

13 
14 

15 

16 

17 

18 



*3 



0-156 793 6 
1568654 
1569372 

1570091 

1570809 

0-157 152? 
157 2245 
157 2963 

1573681 
1 57 4400 



*5 

26 

7 
28 
29 

30 
3i 
32 
33 
34 

35 
36 
37 
38 
39 

40 
4* 
42 
43 
44 

45 
46 
47 
48 

49 
50 



53 
54 

55 
56 
57 
58 
59 

60 



0-157 
157 5836 
1576554 
-1577272 

157 7990 

0-157 8708 
1579426 
I5 8 0145 
1580863 
158 1581 

0-158 2299 

1583017 
1583735 
1584453 
1585171 

0-158 5889 

158 6607 
1587325 
1588043 
158 8761 

0-1589479 
159 0197 

159 0915 
159 1633 
159 235 1 

0-159 3069 
159 3787 
1594505 
159 5222 
159 5940 



0-158 7572 
1588317 
158 9063 
158 9809 
1590554 

0-159 1300 
159 2046 
159 2791 
159 3537 
1594283 

0-159 5028 
1595774 
159 6520 
159 7266 
159 Son 

0-1598757 
I599S03 
i 60 0249 
i 60 0995 
160 1740 

0-160 2486 
160 3232 
160 3978 
-1604724 
i 60 5470 

0-160 6216 
160 6962 
i 60 7708 
i^o S454 
160 9200 

0-160 9946 
i 61 0692 
161 1438 
161 2184 
161 2931 

0-161 3677 
161 44 2 3 
164 5169 
161 5915 
161 6662 



0-159 6658 
1597376 
159 8094 
159 8812 
1599530 

0-160 0248 
i 60 0965 
160 1683 
i 60 2401 
160 3119 

0-160 3837 
1604555 
160 5272 
i 60 599 
1606708 



0-161 7408 
161 8154 
161 8900 
161 9647 
162 0393 

0-162 1139 
-162 1886 
162 2632 
1623378 
162 4125 

0-162 4871 
162 5618 
162 6364 
162 7110 
162 7857 



6-29893 
29597 
29302 
29007 
28712 

6-28417 
28123 
27829 
27535 
27241 

6-26948 
26655 
26362 
26070 
25778 

6-25486 
25194 
24903 
24612 
24321 

6-24030 
23740 
23450 
23160 
22871 

6-22581 
22292 
22003 
21715 
21427 

6-21139 
20851 
20564 
20276 
19989 

6-19703 
19416 
19130 
18844 
18559 

6-18273 
17988 
17703 
17419 
I7I34 

6-16850 
16566 
16283 
15999 
15716 

6-15433 



0-987 6314 
987 6200 
987 6086 
.987 5972 
987 5857 

0-987 5743 
987 5629 
987 55H 
987 54o 
987 5286 

0-987 5171 
987 5057 
987 4942 
987 48*7 
987 47J2 

0-987 4598 
987 4483 
987 4368 
987 4^53 
987 4138 

0-987 4023 
-987 3908 
987 3793 
987 3678 
-987 3562 

0-987 3447 
987 3332 
987 3 
-987 3101 
987 2985 

0-987 2870 
987 2754 
987 2638 
987 2523 
987 2407 

0-987 2291 
9872175 
987 2059 
987 1943 
987 1827 

0-987 1711 
987 1595 
987 H79 
987 1363 
987 1246 

0-987 1130 
987 1014 
987 0897 
987 078: 
987 0664 

0-987 0547 
-987 0431 
9870314 
987 0197 
987 008 1 



0-161 1014 
161 1732 
161 2450 
161 3167 
161 3885 

0-161 4603 
161 5321 
161 6038 
161 6756 
161 7474 

0-161 8191 
161 8909 
161 9626 
1620344 

162 1062 

0-162 1779 

1622497 
162 3214 
162 3932 
1624650 

0-162 5367 

162 6085 

162 6802 
1627520 
1628237 

0-162 8955 

162 9672 
1630390 
163 1107 
-163 1825 

0-163 2542 

163 3260 
163 3977 
1634695 
163 5412 

0-163 6129 
1636847 
163 7564 
163 8282 
1638999 

0-163 9716 
-1640434 
-164 1151 

164 1868 

164 2586 



0-163 2336 
163 3083 
163 3829 
1634576 
163 5323 

0-163 6069 
-1636816 
163 7563 
163 8310 
163 9056 

0-163 9803 
164 0550 
164 1297 
-164 2043 
1642790 

0-164 3537 
1644284 
1645031 
1645778 
1646525 

0-164 7272 
164 8019 
1648766 
1649513 
165 0260 

0-165 1007 
165 1754 
165 2501 
165 3248 
165 3995 

0-165 4742 
165 5489 
165 6236 
165 6984 
165 7731 

0-165 8478 
165 9225 

165 9972 

1 66 0720 
i 66 1467 

0-166 2214 
i 66 2962 
i 66 3709 
i 66 4456 
166 5204 



0-1643303 
164 4020 
-1644738 
164 5455 



0-166 5951 
i 66 6699 
i 66 7446 
166 8193 



6-12619 

12339 
12059 

H779 
11500 

6-II22I 
10942 
10664 
10385 
IOI07 

6-09829 
09552 
09274 

08997 
O872O 

6-08444 
08167 
07891 
07615 
07340 

6-07064 
06789 
06514 
06240 
05965 

6-05691 
05417 
05143 
04870 

04597 

6-04324 
-04051 
03779 
03506 
03234 

6-02962 
02691 
02420 
02149 

'01878 

6-01607 

01337 
01067 

00797 
00527 

6-00258 

5.99989 

-99720 

99451 




0-986 9379 
986 9261 
986 9144 
986 9027 
986 8909 

0-986 8792 
986 8675 
986 8557 
9868440 
986 8322 

0-986 8204 
-986 8087 
986 7969 
986 7851 
986 7733 

0-986 7615 
986 7497 
986 7379 
986 7261 
986 7H3 

0-986 7025 
986 6907 
986 6788 
986 6670 
986 6552 

0-986 6433 
986 6315 
986 6196 
986 6078 
986 5959 

0-986 5840 
986 5722 
986 5603 
986 5484 
.986 5365 

0-986 5246 
986 5127 
986 5008 
986 4889 
986 4770 

0-986 4651 
986 4531 
986 4412 
986 4293 
986 4173 

0-986 4054 
986 3934 
986 3815 
986 3695 
986 3575 



39 
38 
37 
36 

35 
34 
33 
3* 



*4 



it>4 0172 

0-164 6890 
164 7607 


0-166 9688 
167 0436 


5-98914 
98646 


0-986 3455 
986 3336 


05 
04 


1648324 
164 9042 


167 1183 
167 i93i 


98378 
98111 


986 3216 
986 3096 


03 
02 


1649759 


167 2679 


.97844 


986 2976 


ox 


0-165 0476 


0-167 3426 


5-97576 


0-986 2856 


00 

s 


COS 


cot 


tan 


sin 




717-738 748-746 I 267-281 


120-117 


d 



C-20 



5" 22" 



0" 38" 



0" 39" 



TM 5-442 



d 


718-716 


747-749 


267-253 


120-123 717-716 


748-750 


254-241 


123-126 


d 




sin 


tan 


cot 


cos sin 


tan 


cot 


cos 




8 ~ 
00 


3-165 0476 < 


3-167 3426. 


5-97576 < 


3-9862856 0-1693495 < 


3-171 8314 


5-81966 


0-985 5561 


60 


OI 


165 1193 


1674174 


.97310 


986 2736 -169 4212 


171 9063 


81712 


985 5437 


59 


02 


165 1911 


167 4921 


97043 


986 2616 -169 4928 


171 9812 


81459 


985 53^4 


58 


03 


165 2628 


167 5669 


96777 


986 2496 -169 5645 


172 0560 


81206 


985 5191 


57 


04 


165 3345 


167 6417 


96510 


986 2375 -169 6362 


172 1309 


80953 


985 5068 


56 


05 


0-165 4062 


0-167 7164 


5-96245 


0-9862255 0-1697079 


0-172 2058 


5-80701 


0-985 4944 


55 


06 


165 4779 


167 7912 


95979 


9862135 '1697795 


172 2807 


80448 


985 4821 


54 


07 


165 5497 


167 8660 


95713 


986 2015 -169 8512 


172 3556 


80196 


985 4697 


53 


08 


165 6214 


167 9407 


95448 


986 1894 -169 9228 


1724304 


79944 


985 4574 


5* 


09 


-165 6931 


168 0155 


95183 


986 1774 -169 9945 


172 5053 


79692 


985 4450 


5i 


IO 


0-165 7648 


0-168 0903 


5-94918 


0-9861653 0-1700662 


0-172 5802 


5-79441 


0-985 4326 


50 


II 


165 8365 


168 1651 


94654 


986 1533 


170 1378 


172 6551 


79189 


985 4203 


49 


12 


165 9082 


i 68 2398 


.94390 


986 1412 


170 2095 


172 7300 


78938 . 


985 4079 


48 


13 


165 9800 


168 3146 


94125 


986 1291 


-170 2812 


172 8049 


78687 


985 3955 


47 


14 


166 0517 


168 3894 


93862 


986 1171 


170 3528 


172 8798 


78437 


985 3831 


46 


15 


0-166 1234 


0-168 4642 


5-93598 


0-986 1050 


0-1704245 


0-1729547 


5-78186 


0-985 3707 


45 


16 


166 1951 


i 68 5390 


93335 


986 0929 


170 4961 


173 0296 


77936 


985 3583 


44 
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1686138 


.93071 


986 0808 


170 5678 


173 1045 


77686 


985 3459 


43 


18 


166 3385 


168 6886 


92808 


9860687 -1706394 


173 1794 
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19 
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168 7634 
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986 0566 -170 7111 


173 2543 
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4i 
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0-166 4819 
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5.92283 
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0-173 3292 
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0-985 3087 
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21 


166 5536 


168 9129 
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39 


22 
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76439 
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23 
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9859960 -171 0694 
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985 2590 
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5 
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0-169 2121 
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0-173 7037 


5-75693 
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26 
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169 2869 
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985 9718 -171 2127 
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75445 


985 2341 


34 


27 


166 9839 


169 3618 


.90452 


985 9596 


171 2843 


173 8536 


75197 


985 2216 


33 


28 


167 0556 


169 4366 


90191 


985 9475 


171 3560 


1739285 


74949 


985 2092 


32 


29 


167 1273 


169 5114 


89931 


985 9353 


171 4276 


1740034 


74701 


985 1967 


3i 


30 


0-167 '99 


0-169 5862 


5-89671 


0-985 9232 


0-171 4992 


0-1740784 


5-74454 


0-985 1843 


30 


31 


167 2707 


169 66lO 


8941 i 


985 9110 


-171 5709 


174 1533 


74207 


985 1718 


29 


32 


167 3423 


169 7358 
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985 8988 


171 6425 
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985 1593 


28 


33 


167 4140 


169 8106 


88891 


985 8867 


171 7142 


1743031 


73713 


985 1468 


27 


34 


1674857 


169 8855 


88632 


985 8745 


171 7858 


1743781 


73467 


985 1343 


26 


35 


0-167 5574 


O-l69 9603 


5-88373 


0-985 8623 


0-171 8575 


0-1744530 


5-73220 


0-985 1218 
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36 


167 6291 


170 0351 


88114 


985 8501 


171 9291 


1745*79 


.72974 


985 1093 


24 


37 


167 7008 


170 1099 


87855 


985 8379 


172 0007 


174 6029 


72728 


985 0968 


23 


38 


167 7725 


170 1848 


87597 


985 8257 


172 0724 


1746778 


72483 


985 0843 


22 


39 


167 8442 


1702596 


87338 


985 8135 


172 1440 


1747528 


72237 


985 0718 


21 


4o 


0-167 9 ! 59 


0-170 3344 


5-87080 


0-985 8013 


0-172 2156 


0-1748277 


5-71992 


0-985 0593 
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41 


167 9876 


170 4092 


86823 


985 7891 


172 2873 


174 9026 


71747 


985 0467 


19 
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42 


168 0593 


170 4841 


86565 


985 7769 


172 3589 


1749776 


71502 


985 0342 


18 


43 


168 1310 


1705589 


86308 


985 7647 


-1724306 


1750525 


71257 


985 0217 


17 


44 


i 68 2026 


170 6338 


86051 


985 7524 


172 5022 


175 1275 


71013 


-985 0091 


16 


45 


0-168 2743 


0-170 7086 


5-85794 


0-985 7402 


0-172 5738 


0-175 2025 


5-70768 


0-984 9966 


IS 


46 


i 68 3460 


1707834 


85537 


985 7280 


-172 6454 


175 2774 


-70524 


984 9840 


14 


47 


168 4177 


1708583 


85280 


985 7157 


1727171 


175 3524 


70280 


9849715 


13 


^/ 
48 


i 68 4894 


1709331 


85024 


985 7035 


172 7887 


1754273 


70037 


984 9589 


12 


4^U 

49 


168 5611 


171 0080 


84768 


985 6912 


172 8603 


175 5023 


69793 


984 9463 
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0-168 6327 


0-171 0828 


5-84512 


0-985 679 


0-172 9320 


o-i75 5772 


5-69550 


0-984 9338 


IO 


5i 


168 7044 
168 7761 


171 1577 
171 2325 


84257 
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985 6667 
-985 6544 


173 0036 
173 0752 


175 6522 
175 7272 


69307 
69064 


984 9212 
984 9086 
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OS 


53 
54 


-1688478 
168 9195 


171 3074 
171 3822 


83746 
83491 


985 6421 
985 6299 


173 1468 
173 2185 


175 8021 
1758771 


68821 
68579 


984 8960 
984 8834 
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06 


55 
56 


0-168 9911 
169 062? 


0-17' 4571 
171 5320 
171 6o6f 


82982 
82727 


0-985 6176 
985 6053 
985 5930 


0-173 2901 
173 3617 

173 4333 


0-175 9521 
176 0271 

176 IO20 


5-68337 
68094 

67853 


0-984 8708 
984 8582 
984 8456 


05 
04 
03 


57 
58 
59 


169 2062 
169 2778 


171 6817 
171 7566 


82473 
82219 


985 5807 
985 5684 


173 5049 
173 5766 


176 1770 
176 252C 


67611 
67369 


984 8330 
984 8204 
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01 


60 


0-169 3495 


0-171 8314 


5-81966 


0-985 5561 


0-173 6482 


0-176 327C 


5-67128 


0-984 8078 
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tan 
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COS 
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749-747 


253-267 


123-120 


716-717 


750-748 


241-254 


126-123 


d 



5" 20 



5-442 



O h 40* 



717-715 
sin 



716-715 



tan 



0-173 6482 
173 7198 
1737914 
173 8630 

173 9346 

0-1740063 

1740779 

174 M95 

1742211 

174 2927 

|o-i743643 
1744359 
174 507S 
174 5791 



cot 



0-176 327 
-176 42 

1764770 
176 5519 
176 6269 

0-176 7019 
1767769 

176 8519 
176 9269 

177 0019 

0-177 ?69 
177 1519 
177 2269 
177 3019 
177 3769 



15 0-1747223 

16 -1747939 

17 -1748655 

18 -1749371 

19 -175 0087 

ao 0-175 0803 
' at I -175 15*9 
aa -175 2235 
*3 -'75 
a4 I -175 3667 



35 



- "754383 
-175 5099 
-175 S8i5 
-175 653i 
-1757247 



0-I7745I9 
17? 5270 
177 6020 
1776770 
177752 
0-1778270 
177 92J 
177 977J 
1780521 
178 1271 

0-178 2022 
178 2772 
178 3522 
1784273 
178 5023 



5-671 282 

668 871 
666 462 
664 056 
661 651 

5-659 248 
656 847 
654 448 
652 052 
649 657 

5-647 264 
644 873 
642 484 
640 097 
637712 

5-^35 39 
632 947 
630 568 
628 191 
-625 816 



0-984 8078 
9847951 
984 7825 
984 7698 
1984 7572 

0-984 7445 
9847319 
9847192 
984 766 
984 6939 

0-984 6812 
984 6685 
984 6558 
.9846431 
984 6304 

0-984 6177 
984 6050 
984 5923 
.984 5796 
984 5669 
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0-177 9435 
-1780151 

1780867 
178 1582 

178 2298 

0-178 3013 
178 3729 
1784445 
178 5160 
178 5876 

0-178 6591 
1787307 
178 8022 
1788738 
'9453 



tan 

~ 

0-1808295 
1809046 

i 80 9797 
181 054 8 
181 1299 

0-181 2050 
181 2801 
181 3552 
181 4303 
181 5054 

0-181 5806 
181 6557 
181 7308 
181 8059 
181 8811 
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COS 



| 0-175 7963 
175 8679 
175 9395 
176 ono 
176 0826 

| 0-176 1542 
176 2258 
176 2974 
176 3690 
176 445 

i 40 I 0-176 5*21 
! 41 -176 5837 
42 -1766553 
[43 "767269 
I 44 j -1767984 

I 0-1768700 



1770132 
177 0847 
177 1563 



0-178 5773 
1786524 
1787274 
178 8025 
178 8775 

0-1789526 
179 0276 
179 1027 
179 1777 
-179 2528 

o-i79 3279 
179 4029 
1794780 

179 5530 
179 6281 

0-179 703* 
1797783 
1798533 
179 9284 
180 0035 



5-623 442 
621 071 
618 7i 
616334 
613 968 

5>6n 604 
-609 242 
606 883 
604 525 
602 169 

5-599 815 
597 4 6 2 
595 H2 
592 7 6 4 
.590417 

5-588073 
585 730 
583 389 
581 051 
-578714 



-576 379 
574 46 
571 7'4 
569 385 
567 057 



0-984 5542 
.984 54H 
984 5287 
984 5159 
984 5032 

0-984 494 
984 4777 
984 4649 
.984 4521 
984 4393 

0-984 4266 
9844138 
984 4010 
984 3882 
984 3754 

0-984 3626 
984 3498 
984 3370 
984 3241 
9843H3 

0-984 2985 
984 2856 
984 2728 
984 2599 
984 2471 



0-179 0169 
1790884 
179 1600 
179 2315 
179 3030 

o- 179 3746 
1794461 
179 5177 
179 5892 
179 6607 

0-1797323 
179 8038 
179 8754 
179 9469 
180 0184 



5-530 072 
527 777 
525 483 
523 i9i 
520 900 

5.51861* 
516 325 
.514041 
5" 758 
509 477 

5-507 198 
504 920 
502 645 
500 37i 
.498 099 



0-984 0407 60 

984 0278 59 
984 0148 58 
9840019 57 
983 9889 I 56 

0-983 9759 
.983 9630 
983 9500 
983 9370 
.983 9240 

0-983 9 

983 8980 49 

983 8850 48 

.9838720 47 

983 8590 46 



0-181 9562 
1820313 
182 1064 
1821816 
1822567 

0-182 3319 
182 4070 
1824821 
182 5573 
182 6324 

0-182 7076 
182 7827 
1828579 

182 9330 

183 0082 



50 I o-i 77 2279 

51 -1772995 
5 -177 37io 

53 -1774426 

54 -1775142 

55 0-I775857 

56 -1776573 

57 -1777289 
1778004 
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59 

60 1 0-177 9435 
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C-22 



0-1800786 
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909 674 


979 8812 


203 8553 


208 2279 


802 430 


979 ooio 


57 


04 


1996530 


203 7552 


907 849 


979 8667 


203 9265 


208 3038 


800 68 1 


978 9862 


56 


05 


0-1997242 


0-203 8310 


4-906 025 


0-979 8521 


0-203 9977 


0-208 3797 


4-798 933 


0-978 97*4 


55 


06 


1997955 


203 9067 


904 203 


979 8376 


204 0689 


208 4556 


797 186 


978 9565 


54 


07 


199 8667 


203 9825 


902 382 


979 8231 


204 1401 


208 5314 


795 440 


978 9417 


53 


08 


1999380 


204 0582 


900 562 


979 8086 


204 2113 


208 6073 


793 696 


978 9268 


52 


09 


200 0093 


204 1340 


898 743 


979 7940 


204 2825 


208 6832 


791 952 


978 9120 


Si 


10 


O-2OO 0805 


0-204 2097 


4-896 926 


0-979 7795 


0-204 3537 


0-208 7591 


4.790 210 


0-978 8971 


So 


XI 


2OO 1518 


204 2855 


895 no 


979 7649 


2044249 


208 8350 


7.88 470 


978 8823 


49 


xa 


2OO 223O 


204 3612 


893 296 


979 7504 


204 4961 


208 9109 


786 730 


978 8674 


48 


13 


200 2943 


204 4370 


891 482 


979 7358 


204 5672 


208 9868 


784 992 


978 8525 


47 


14 


200 3655 


204 5128 


889 670 


979 7212 


-204 6384 


209 0627 


783 254 


978 8376 


46 


15 


0-200 4367 


0-204 5885 


4-887 859 


0-979 7066 


0-204 7096 


0-209 I 386 


4-781 518 


0-978 8228 


45 


16 


20O 5080 


204 6643 


886 050 


979 6921 


204 7808 


209 2145 


779 784 


978 8079 


44 


17 


200 5792 


204 7401 


884 242 


979 6775 


204 8520 


209 2904 


778 050 


978 7930 


43 


18 


200 6505 


204 8158 


882 435 


979 6629 


204 9231 


209 3663 


776 318 


978 7781 


42 


19 


20O 7217 


204 8916 


880 629 


979 6483 


204 9943 


209 4422 


774 587 


978 7632 


4i 


ao 


O-20O 7930 


0-204 9674 


4-878 825 


0-979 6337 


0-205 0655 


0-209 5i8i 


4-772 857 


0-978 7483 


40 


air 


20O 8642 


205 0432 


877 022 


979 6191 


205 1367 


209 5940 


771 128 


978 7333 


39 


aa 


200 9354 


205 1190 


875 220 


979 6045 


205 2079 


209 6700 


769 400 


978 7184 


38 


23 


20 1 0067 


205 1947 


873 419 


979 5899 


205 2790 


209 7459 


767 674 


978 7035 


37 


24 


2OI 0779 


205 2705 


871 620 


979 5752 


205 3502 


209 8218 


765 949 


978 6886 


36 


25 


O-2OI 1492 


0-205 3463 


4-869 822 


0-979 5606 


0-205 4214 


0-209 8977 


4-764 225 


0-978 6736 


35 


a6 


20 1 2204 


205 4221 


868 025 


979 546o 


205 4925 


209 9737 


762 502 


978 6587 


34 


27 


2OI 29l6 


205 4979 


866 230 


979 53H 


205 5637 


210 0496 


760 781 


978 6437 


33 


28 


201 3629 


205 5737 


864 436 


979 5167 


205 6349 


210 1255 


759 060 


978 6288 


32 


29 


201 4341 


205 6495 


862 643 


979 5021 


205 7060 


2IO 2OI4 


757 34i 


978 6138 


3i 


3 


0-201 5053 


0-205 7253 


4-860 851 


0-979 4874 


0-205 7772 


0-2IO 2774 


4-755 623 


0-978 5989 


30 




201 5766 


205 801 1 


859 061 


979 4728 


205 8484 


2103533 


753 906 


978 5839 


29 


32 


201 6478 


205 8769 


857 272 


979 458i 


205 9195 


210 4293 


752 191 


978 5689 


28 


33 


2OI 719O 


205 9527 


855 484 


979 4434 


205 0907 


210 5052 


750 476 


978 5539 


27 


34 


201 7902 


206 0285 


853 698 


979 4288 


206 0619 


210 5812 


748 763 


978 5390 


a6 


35 


0-2OI 8615 


0-206 1043 


4-851 912 


0-979 4 '41 


0-206 1330 


O-2IO 6571 


4-747 051 


0-978 5240 


25 


36 


201 9327 


206 1801 


850 128 


979 3994 


206 2042 


2I0733I 


745 340 


978 5090 


24 


37 


202 0039 


206 2559 


848 345 


979 3847 


206 2753 


2IO 8090 


743 630 


978 4940 


23 


38 


202 0751 


206 3318 


846 564 


979 3700 


206 3465 


2IO 8850 


741 922 


978 4790 


aa 


39 


2O2 1464 


206 4076 


844 784 


979 3553 


206 4177 


2IO 9609 


740 214 


978 4640 


ai 


40 


0-202 2176 


0-206 4834 


4-843 005 


0-979 3406 


0-206 4888 


0-21 1 0369 


4-738 508 


0-978 4490 


ao 




202 2888 


206 5592 


841 227 


979 3259 


206 5600 


211 1128 


736 803 


978 4339 


*9 


42 


2O2 3600 


206 6350 


839 450 


979 3U2 


206 6311 


211 1888 


735 ioo 


978 4189 


18 


43 


202 4312 


206 7109 


83? 675 


979 2965 


206 7023 


211 2648 


733 397 


978 4039 


*7 


44 


202 5024 


206 7867 


835 901 


979 2818 


206 7734 


211 3407 


731 695 


978 3889 


16 


45 


0-202 5737 


0-206 8625 


4-834 128 


0-979 2670 


0-206 8446 


O-2II 4167 


4-729 995 


0-978 3738 


IS 


46 


202 6449 


206 9384 


832 357 


979 2523 


206 9157 


211 4927 


-728 296 


978 3588 


14 


47 


202 7l6l 


207 0142 


830 586 


979 2376 


206 9869 


211 5687 


726 598 


978 3437 


13 


48 


202 7873 


207 0900 


828817 


979 2228 


207 0580 


211 6446 


724 901 


978 3287 


12 


49 


202 8585 


207 1659 


827 050 


979 2081 


207 1292 


211 7206 


723 206 


978 3136 


II 


5" 


O-202 9297 


0-207 2417 


4-825 283 


0-979 1933 


0-207 2003 


0-21 1 7966 


4-721 511 


0-978 2985 


10 


5* 


203 OO09 


207 3176 


823 518 


979 1785 


207 2715 


-211 8726 


719818 


978 2835 


09 


52 


203 O72I 


207 3934 


821 754 


979 1638 


-207 3426 


211 9486 


718 126 


978 2684 


08 


53 


203 1433 


207 4693 


819 991 


979 H90 


207 4137 


212 0246 


716 435 


978 2533 


07 


54 


203 2145 


207 5451 


818 229 


979 1342 


207 4849 


212 IOO6 


714 745 


978 2382 


06 


55 


0-203 2857 


0-207 6210 


4-816 469 


0-979 1195 


0-207 5560 


0-212 1766 


4-713 056 


0-978 2231 


05 


56 


203 3569 


207 6968 


814 710 


979 1047 


207 6272 


212 2525 


711 369 


978 2080 


04 


57 


203 4282 


207 7727 


812 952 


979 0899 


207 6983 


212 3285 


709 682 


978 1929 


03 


58 
59 


203 4994 
203 5706 


207 8486 
207 9244 


811 195 
809 440 


9790751 
979 0603 


207 7694 
207 8406 


212 4046 
212 4806 


707 997 
706313 


978 1778 
978 1627 


oa 

01 


60 


0-203 6418 


0-208 0003 


4-807 685 


0-979 0455 


0-207 9ii7 


0-212 5566 


4-704 630 


0-978 1476 


oo 

8 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 




d 


712-713 


759-757 


1755-1829 


148-145 


711-712 


761-758 


1683-1753 


151-148 


d 


Eh 41 


>m 5* 1l m G-25 

,m tj m A \* *m>J 



TM 5-442 



1 0-208 978' 
209 049 
209 1 20 
209 191 
209 263 

| 0-209 334 
209 405 
209 476 
209 5475 
209 6186 



O h 48 r 

760-762 1682-1616 


tan cot 

- . -- 

,2125566 4-704630 

212 6326 -702 948 

212 7086 -701 268 

212 7846 -699 588 

212 8606 -697 910 

0-212 9366 4-696 233 

213 0126 -694 557 

213 0887 -692 88a 

213 16471 '69* 208 

213 2407 -689 536 

0-213 3168 4-687 864 

213 3928 -686 194 

213 4688 -684 525 

2135449 -682857 

213 6209 -681 190 

0-213 6969 4-679 524 

213773 -677860 

213 8490 -676 196 

2139251 -674534 

2140011 -672872 

0-2140772 4-671212 

2141532 -669553 

214 2293 -667 896 

214 3054 -666 239 

2143814 -664583 

| 0-214 4575 4-662 929 

214 SSS 6 -661 275 

2146096 -659623 

214 6857 -657 972 

2147618 -656322 

I 0-214 8379 
2I49I39 
214 9900 
215 0661 
215 1422 



0" 49' 



151^55 
cos 

0-978 1476 
978 1325 
978 1174 

978 1022 
978 0871 

0-978 0719 
978 0568 
978 04l6 
978 0*65 
978 0113 

0-977 
977 9810 

977 9658 
977 
977 9354 

0-977 9202 
977 
977 8898 

977 8746 
977 8594 

0-977 
977 8289 
977 

977 7985 
977 7832 

0-977 
977 7527 
977 7375 
977 7222 
977 707 



sm 

0-212 1777 0-217 1213 
.2122487 -217 1974 
.2I23198 -2172736 

2123909 -2173497 
-2124619! -2174259 



60 



I 0-215 2183 
215 2944 
215 375 
215 4466 
215 5227 

0-215 59 8 8 
215 6749 
215 75 10 
215 8271 
215 9032 

| 0-215 9793 
216 0554 
216 1315 
216 2077 
216 2838 

| 0-216 3599 
216 4360 
216 5122 
216 5883 
216 6644 

[ 0-216 7406 
-216 8167 
216 8928 
216 9690 
217 0451 

0-212 1777 I 0-217 1213 



COS 



cot 



4-654 673 
653 025 

651 379 
649 733 
648 089 

4-646 446 
644 803 
643 162 
641 522 
639 883 

4-638 246 
636 609 
634 973 
633 339 
631 706 

4-630 073 
628 442 
626812 
625 183 
623 555 

4-621 929 
620 303 
618678 
617055 
615432 

4-613 811 
612 191 
6 10 572 
608 954 
607 337 

4-605 721 

tan 



0-212 533 

212 6040 
212 6751 
212 7462 
2128172 



0-217 5 21 
217 5782 
217 6544 
217 736 
217 8067 



0-977 6917 

977 6 764 
9776611 

977 6458 
977 6 305 

0-977 6152 
977 5999 
977 5846 
977 5693 
977 5540 

o-977 5387 
977 5233 
977 5080 
977 4927 
977 4773 

0-977 4620 
977 4466 
9774313 
977 4159 
977 4005 

o-977 3851 
977 3698 
977 3544 
977 3390 
977 3236 

0-977 3082 
.977 2928 

977 2774 
977 2620 
977 2465 



0-215 7296 
215 8006 
215 8716 
215 9436 
216 0136 



2180353 
218 1114 
218 1876 

0-218 2638 
218 3400 
218 4162 
218 4924 
218 5686 

0-218 6448 
218 7210 
218 7972 
218 8734 
218 9496 

| 0-219 0258 

219 1020 

219 1782 

219 2544 
219 3307 

| 0-219 4069 
219 483! 

219 S593 
219 6356 
219 7118 

| 0-219 7880 
219 8643 
219 9405 

220 Ol67 
220 0930 

| 0-220 1692 
220 2455 
220 3217 
220 3980 
220 4742 

0-220 5505 
22O 6268 
220 7030 

zzo 7793 

220 8556 

0-22O 93l8 
221 Oo8l 
221 0844 
221 1606 
221 2369 



cot 

4-605 721 
604 106 
602 492 

600 880 

599 268 

4-597657 

596 048 

594 440 
592 832 
591 226 

4-589 621 
588 017 
586 414 

584812 

583 211 

4-581 612 

580 013 
578415 
576 8l9 

575 223 

4-573 629 
572 035 
570 443 
568 852 
567 261 

4-565 672 
564 084 
562 497 
560 911 
559 326 



COS 

0-977 2311 
977 2157 

977 2OO2 

977 1848 
977 1693 

0-977 1539 
977 1384 
977 "30 
977 1075 
977 0920 

0-977 0765 
977 0611 
977 0456 
977 0301 
977 0146 

0-976 999i 
976 9836 
976 9680 
976 9525 
976 9370 

0-9769215 
976 9059 
976 8904 
976 8748 
976 8593 

0-976 8437 
976 8282 
976 8126 
976 797 
976 7815 



0-216 0846 
216 1556 
216 2266 
216 2976 
216 3686 



0-977 2311 0-216 4396 



sm 



COS 



710-711 



0-221 3132 
221 3895 
221 4658 
221 5421 
221 6184 

0-221 6947 

cot 



4-557 742 
556 J59 
554578 
552 997 
551 417 

4-549 838 

548 261 
546 684 
545 109 
543 534 

4-541 961 
540 388 

538817 
537 247 
535 677 

4-534 i9 
532 542 

530976 

529 410 
527 846 

4-526 283 
524721 
523 160 
521 600 
520 041 

4-518483 
516 926 
515 370 
513 815 
512 261 

4-510 709 

tan 



0-976 7659 
976 7503 

976 7347 
976 7191 
976 7035 

0-976 6879 
976 6723 
976 6567 
976 6410 
976 6254 

0-976 6098 
976 5941 
976 5785 
976 5628 
976 5472 

0-976 53i5 
976 S'59 
976 5002 
976 4845 
976 4688 

0-976 4531 
976 4375 
976 4218 
976 4061 
976 3904 

o-976 3746 
976 3589 
976 3432 
976 3275 
976 3H7 

0-976 2960 

sin 



.C-26 



5 h 11' 



TM 5-442 



O h 50 r 



O h 51' 



d | 710-709 


763-765 


1552-1494 


157-161 1 710-708 


764-766 


1492-1437 


160-164 


d 


sin 


tan 


cot 


cos sin 


tan 


cot 


COS 




S 1 

oo 0-216 4396 
oi -216 5106 

02 -2l6 5816 

03 -216 6526 
04 -216 7236 


221 6947 
221 7710 
221 8473 
221 9236 
221 9999 


4-510 709 
509 157 

507 606 
506 056 

504 507 


0-976 2960 0-220 6974 
976 2803 -220 7684 
976 2645 -220 8393 
976 2488 -220 9102 
976 2330 -220 9811 


0-226 2769 
226 3533 
226 4298 
226 5062 
226 5827 


4-419 364 
417 872 
416 380 
414 889 
413 400 


0-975 3423 
975 3263 
975 3102 
975 2941 
975 2781 


60 
59 
58 

57 
56 


05 0-216 7946 
06 -216 8656 
07 -216 9366 
08 -217 0076 
09 -217 0786 


0-222 0762 
222 1525 
222 2288 
222 30SI 
222 3814 


4-502 959 
501 413 
499 867 
498 322 
496 778 


0-976 2172 0-221 0521 
976 2015 -221 1230 
976 1857 -22T 1939 
976 1699 -221 2648 

976 1541 -22i 3357 


0-226 6592 
226 7356 
226 8121 
226 8885 
226 9650 


4-411 911 
410 423 
408 936 
407 450 
405 965 


0-975 2620 55 j 
975 2459 54 
975 2298 53 
975 2138 52 
975 1977 51 


. 

I 10 0-217 1495 
1 it -217 2205 
1 12 -217 2913 
1 13 -217 3625 
1 14 -2174335 


0-222 4577 
222 5341 
222 6104 
222 6867 
222 7631 


4-495 236 
493 694 
492 153 
490 614 
489 075 


0-976 1383 0-221 4067 
976 1226 -221 4776 
976 1068 -221.5485 
976 0910 -221 6l94 
976 0751 '221 6903 


0-227 0415 
227 1180 
227 1944 
227 2709 
227 3474 


4-404 482 
402 999 
401 516 
400 035 
398 555 


0-975 1816 
975 1655 
975 H94 
975 1332 
975 1171 


5 
49 
4 

47 
46 


15 0-217 5045 
16 -217 5754 
17 -217 64 6 4 
18. -2177174 
19 -217 788 


0-222 8394 
222 9^57 
222 9921 
223 0684 
223 1447 


4-487 537 
486 ooo 

484 465 
482 930 
481 396 


0-976 0593 0-221 76l2 
976 0435 -221 8321 
976 0277 -221 9<>3I 

976 0119 -221 974 
975 9960 -222 0449 


0-227 4239 
227 5003 
227 5768 
227 6533 
227 7298 


4.397076 
395 598 
394 "O 
392 644 
391 168 


0-975 iio 
975 0849 
975 0687 
975 0526 
975 0364 


45 
44 
43 
4* 
4i 


1 20 0-217 859 
21 -217 93" 
3>2 -2l8 001 


0-223 221 1 
223 2Q74 
223 3738 


4-479 864 
478-332 

476 801 


0-975 982 0-222 1158 
975 9643 '222 1867 
975 9485 -222 2 5?6 


0-227 8063 
227 8828 
227 9593 


4-389 694 

388 220 

386 748 

.-iRe lib 


0-975 02 3 
975 0041 
974 9880 
0-7*1. 0718 


40 
39 



24 



2i8 0723 
I -218 1432 

0-218 2142 
218 2852 

218 3561 

218 4271 

2184981 

0-218 5690 
218 6400 
218 7110 

2187819 

I -?.i8 8529 

j 0-218 9238 
218 9948 
219 0658 
219 1367 
219 2077 

I 0-219 2786 
219 3496 
219 4205 
219 49'5 
219 5624 

[ 0-219 6334 
219 743 
219 7753 
219 8462 
219 9*71 

50 I 0-219 9881 

220 059O 
22O 1300 
220 2009 
220 27l8 

| 0-220 3428 
22O 4137 
220 4846 
22O SSS^ 
220 6265 

60 0-220 6974 



223 4501 
223 5265 

O-223 6028 
223 6792 
223 7556 
-223 8319 
223 9083 

0-223 9847 
224 O6l0 
224 1374 
224 2138 
224 2902 

0-224 3665 
224 4429 
224 5193 

224 5957 
224 6721 

0-224 7485 
224 8249 
224 90 1 3 
224 9777 
225 0541 



0-225 1305 
225 2069 
225 2833 
225 3597 
225 4361 



475 272 
473 743 

4-472 215 
470 688 
469 163 
467 638 
466 114 

4-464 591 
463 070 

46' 549 
460 029 

458 Sio 
4.456 992 
455 476 
453 96o 
452 445 
450 931 

4-449 4i8 
447 906 
446 395 
444 885 
443 376 

4-441 868 

44 36i 

438 855 

437 350 

I -435 846 



975 9326 
'975 9l68 

Q-975 9009 
975 8850 
975 8691 
975 8533 
975 8374 

0-975 8215 
975 8056 
975 7897 
975 7738 
975 7579 

o-975 74*9 
.975 7260 
975 7101 
.975 6942 
975 6782 
0-975 6623 
975 6463 
975 6 34 
975 6l 44 
975 5985 

o-975 5825 
975 5^5 
975 555 
975 5345 
'975 5186 



COS 



0-225 5126 
225 5890 
225 6654 

225 7418 

225 8183 

0-225 8947 
225 97" 
226 Q47 6 
226 1240 
226 2005 

0-226 2769 

cot 



4-434 343 
432 840 
431 339 
.429 839 
428 340 

4-426 841 
425 344 
423 848 
422 352 
420 858 



tan 



o-975 5>26 

975 4866 

975 47o6 

975 4545 

975 4385 

0-975 4225 
975 4065 
975 394 
'975 3744 
975 3584 



sin 



222 3285 
222 3994 

0-222 4703 
222 5412 
222 6l2I 
222 6830 

222 7539 

0-222 8248 
222 8957 
222 9666 
223 0375 
223 1083 

0-223 1792 
223 2501 
223 3210 
223 3919 
223 4628 

0-223 5337 
223 6045 
223 6754 
223 7463 
223 8172 

0-223 8880 
223 95 8 9 
224 0298 
224 1007 
224 1715 

0-224 2424 
2243133 
224 3842 
2244550 
224 5259 

0-224 5967 
224 6676 
224 7385 
224 8093 
224 8802 

0-22495" 



228 1123 

0-228 1888 
228 2653 
228 3418 
2284184 
228 4949 

0-228 5714 
228 6479 
228 7244 
228 8010 
228 8775 

0-228 9540 
229 0306 
229 1071 
229 1837 
229 2602 



0-229 3367 

229 4133 
229 4898 
229 5664 
229 6429 

0-229 7195 
229 796l 
229 8726 
229 9492 
23O 0258 

0'230 IO23 
230 1789 
230 2555 
23 3321 
230 4086 

0-230 4852 
.230 5618 
230 6384 
2307150 

230 79*6 
0-230 8682 



383 805 

4-382 336 
380 867 
379 399 
377 932 
.376 466 

4-375 001 
373 536 
372 073 
370 611 
.369 149 

4-367 689 
366 229 
.364 77 * 
363 313 
361 856 

4.360 400 
358 945 
357 49i 
.356 038 
354 586 

4-353 135 
.351 685 
35 235 
.348 787 
347 339 



974 9556 

0-974 9395 
974 9233 
974 9071 
974 8909 
974 8747 

0-974 8585 
974 8423 
974 8261 
974 8099 
974 7937 

0-974 7774 
9747612 

974 7450 
974 7287 
974 7125 

0-974 6962 
.974 6800 
974 6637 
974 6474 
9746311 

0-974 6l 49 
974 5986 
974 5823 
974 566o 
974 5497 



COS 



cot 



4-345 892 
.344447 
343 002 
341 558 
340 115 

4-338 673 
337 232 
335 791 
334 352 
332913 

4-331 476 



0-974 5334 
974 S'71 
974 S 008 
974 4845 
974 468i 

0-974 45i8 
974 4355 
974 4191 
974 4028 
974 3864 

0-974 3701 j 
s 



708-710 | 766-764 i437-*492 164-160 



tan 



01 



sin 



5" 08 



c . 27 



5-442 



O h 52 



O h S3' 



MWMMM 

H 


709-707 


766-768 




11 " 

708-707 


n - 

767-770 


_ - 
1384-1335 


MMMMMMVMM 
166-170 


MPMB 

d 


1437-1385 


163-167 




sin 


tan 


cot 


cos 


sin 


tan 


cot 


COS 




s 

00 
OI 
02 

03 
04 


0-224 9511 
225 0219 
225 0928 
225 1636 
225 2345 


0-230 8682 
230 9448 
231 0214 
231 0980 
231 1746 


4-331 476 
.330 039 
328 603 
327 169 

325 735 


0-974 37oi 
974 3537 
974 3373 
9743210 

974 3046 


0-229 2004 
229 2712 
229 3420 
2294127 
229 4835 


0-235 4687 

235 5455 
235 6223 
235 6990 
235 7758 


4-246 848 

245 464 

244 08 1 
242 699 
241 318 


0-973 3793 
973 3626 

973 3459 
973 3292 
973 3125 


60 
59 
58 
57 
56 


05 
06 
07 
08 
OQ 


0-225 3053 
225 3762 
225 4470 
225 5179 
225 5887 


0-231 2512 
231 3278 
231 4044 
231 4811 

231 5577 


4-324 302 
322 869 
-321 438 
320 008 
-318578 


0-974 2882 
9742718 
9742554 
974 2390 
974 2226 


0-229 5543 
229 6251 
2296959 
229 7666 
-229 8374 


0-235 8525 
-235 9293 
236 0061 
236 0829 
236 1596 


4-239 937 
238 558 
237 179 
235 801 
234 424 


0-973 2959 
973 2792 
973 2625 
973 2458 
973 2290 


55 
54 
53 

52 


IO 

II 

13 
13 


0-225 6596 
225 7304 
225 8013 
225 8721 
225 9430 


0-231 6343 
231 7109 
231 7876 
231 8642 
231 9408 


4-317 150 
315 722 

3H295 
312 870 

3ii 445 


0-974 2062 
974 1898 
974 1734 
974 1570 
974 H5 


0-229 9082 
229 9790 
230 0497 
230 1205 
230 1913 


0-236 2364 
236 3132 
236 3900 
236 4668 
236 5436 


4-233 048 
231 672 
230 298 
228 924 
227 551 


0-973 2123 
973 1956 

973 1789 
973 1621 

973 1454 


50 
49 
48 
47 
46 


IS 

16 
18 


0-226 0138 
226 0846 
226 1555 
226 2263 
226 2971 


0-232 0175 
232 0941 
232 1707 
232 2474 
232 3240 


4-310 O2I 

308 597 
307 175 
305 754 
3"4 333 


0-974 1241 
974 1077 
974 0912 
974 0748 
974 0583 


0-230 2620 
230 3328 
230 4036 
230 4743 
2305451 


0-236 6204 
236 6971 
236 7739 
236 8507 
236 9275 


4-226 179 
224 808 
223 438 

222 068 
220 700 


0-973 1287 
973 1119 
973 0952 
973 0784 
973 0616 


45 
44 
43 
42 
41 


20 
21 
22 

24 


0-226 3680 
226 4388 
226 5096 
226 5805 
226 6513 


0-232 4007 
232 4773 
233 5540 
232 6306 
232 773 


4-302 914 

301 495 
300 077 
298 660 
297 244 


0-974 4'9 
974 0254 
974 0089 
973 9924 
973 97 


0-2306159 
230 6866 
230 7574 
230 8282 
230 8989 


0-237 0044 
237 0812 
237 1580 
237 2348 
237 3116 


4-219 332 
217 965 

216 599 
215 233 
213 869 


0-973 0449 
973 0281 
973 0113 
972 9945 
972 9777 


40 
39 

37 
36 


25 
26 

27 
28 

29 


0-226 7221 
226 7930 
226 8638 
226 9346 
227 0054 


0-232 7840 
232 8606 
232 9373 
233 0140 
233 0906 


4-295 829 
294 4 T 4 
293 ooi 
291 589 
290 177 


0-973 9595 
973 9430 
973 9265 
973 9ioo 
973 8935 


0-230 9697 
231 0404 

23! 1112 
231 l8l9 
231 2527 


0-237 3884 
237 4652 
237 5421 
237 6189 
237 6957 


4-212 505 
211 143 

209 781 
208 420 
207 059 


0-972 9610 
972 9442 
972 9273 
972 9105 
972 8937 


35 
34 
33 
32 


30 
31 

33 
34 


0-227 0763 
227 1471 
227 2179 
227 2887 

227 3595 


0-233 l6 73 
233 2440 
233 3207 
233 3973 
233 4740 


4-288 766 
287 356 
285 947 
284 539 
283 132 


0-973 8770 
973 8605 
973 8439 
973 8274 
973 8109 


0-23I 3234 
-231 3942 
231 4649 

231 5357 
231 6064 


0-237 7726 
237 8494 
237 9262 
238 0031 
238 0799 


4-205 700 

204 341 

202 983 
201 027 
2OO 27O 


0-972 8769 
972 8601 
972 8432 
972 8264 
972 8096 


30 
29 
28 

27 
26 


35 
36 
37 
38 
39 


0-227 434 
227 5012 
227 5720 
227 6428 
227 7136 


0-233 5507 
233 6274 
233 7041 
233 7808 
233 8575 


4-281 725 
280 320 
278915 
277 5" 
276 109 


o-973 7943 
973 7778 
973 7613 
973 7447 
973 7281 


0-231 6772 
231 7479 
231 8186 
231 8894 
231 9601 


0-238 1568 
238 2336 
238 3105 
238 3873 
238 4642 


4-198 915 
197 561 
196 207 
194854 
193 502 


0-972 7927 
972 7759 
972 7590 
972 7422 
972 7253 


25 
24 
23 

22 
21 


40 

42 
43 
44 


0-227 7844 
227 8552 
227 9260 
227 9969 
228 0677 


0-233 9342 
234 0109 
234 0876 
234 1643 
234 2410 


4-274 707 
273 305 
271 905 
270 506 
269 107 


0-973 7 n 6 
973 695 
973 6784 
973 6619 
973 6453 


0-232 0309 
232 1016 
232 1723 
232 2431 
232 3138 


0-238 5410 
238 6179 
238 6947 
238 7716 
238 8485 


4-I92 I5J 

190 801 
189451 
188 103 
186755 


0-972 7084 
9726915 
972 6747 
972 6578 
972 6409 


20 
19 

18 
16 


45 
46 

47 
48 
49 


0-228 1385 
228 2093 
228 2801 
228 3509 
228 4217 


0-2343I77 
234 3944 
2344712 
234 5479 
234 6246 


4-267 710 
266 313 
264917 
263 522 
262 128 


0-973 6287 
973 6121 
973 5955 
973 5789 
973 5623 


0-232 3845 
2324553 
232 5260 
232 5967 
232 6674 


0-238 9254 

239 0022 
239 0791 
239 1560 
239 2329 


4-185 408 
1 84 06 1 
182716 
181 371 
180028 


0-972 6240 
972 6071 
972 5902 
972 5733 
972 5564 


15 
14 

12 
II 


eo 


0-228 4925 


0-234 7013 


4-260 734 


0-973 5457 


0-232 7382 


0-239 3098 


4-178 685 


0-972 5394 


IO 


3 V 
51 
52 

53 


228 5633 
228 6341 
228 7049 


234 7781 
234 8548 
2349315 


259 342 
257 950 
256 559 


973 5291 
973 5124 
973 4958 


232 8089 
232 8796 
232 953 


239 3866 
239 4635 
239 5404 


177 342 
176 ooi 
174 661 


972 5225 
972 5056 
972 4886 


09 
08 
07 




54 


228 7757 


235 0083 


255 169 


973 4792 


233 0211 


239 6173 


173 321 


972 4717 


oo 


55 
56 

- 


0-228 8464 
228 9172 
228 9880 


0-235 0850 
235 1617 
235 23 8 5 


4-253 780 
252 392 
251 005 


0-973 4625 
973 4459 
973 4292 


O-233 0918 
233 '625 
233 2332 


0-239 6942 

239 77" 
239 8480 


4-171 982 
170 644 
169 307 


0-972 4547 
972 437* 
972 420? 


04 
03 


3/ 

58 
59 


229 058? 
229 1296 


235 3152 
235 3920 


249 619 
248 233 


973 4126 
973 3959 


233 3039 

233 3747 


239 9249 
240 0018 


167970 
166 635 


972 4039 
972 3869 


02 
01 


60 


0-229 2004 


0-235 4687 


4-246 848 


0-973 3793 


0-233 4454 


0-240 0788 


4-165 300 


0-972 3699 


00 




COS 


CC* 


tan 


sin 


COS 


cot 


tan 


sm 




d 


707-709 


768-766 


1385-1437 


167-163 


707-708 


770-767 


1335-1384 


170-166 


d 



C-28 



5" 07' 



5" 06" 



TM 5-442 



0" 55 m 



d 


707-706 


769-771 


1334-128: 


r 169-173 


707-705 


770-773 


1287-124; 


1 173-176 


d 1 


s 


sin 


tan 


cot 


COS 


sin 


tan 


cot 


COS 




oo 
ox 

02 

03 

04 


0-233 4454 
233 5161 
233 5868 
233 6575 
233 7282 


0-240 0788 
240 1557 
240 2326 
240 3095 
240 3864 


4-165 300 
163 966 
162 633 

161 300 
159 969 


0-972 3699 
972 3529 
972 3360 
972 3190 
972 3020 


0-237 685? 
237 7565 
237 8272 
237 8978 
237 9684 


> 0-244 6984 

244 7755 
244 8526 
244 9297 
245 0068 


4-086 663 

085 376 

084 090 
-082 804 
081 520 


0-971 342 
971 324* 
971 307. 

971 2902 

971 2729 


60 1 
59 
58 
57 
56 


OS 
06 

07 
08 
09 


0-233 7989 
233 8696 

233 9403 
234 0110 
2340817 


0-240 4634 
240 5403 
240 6172 
240 6942 
240^711 


4-158638 
157 308 
'55 979 
154650 
153 323 


0-972 2850 
972 2680 
972 2510 
972 2339 
972 2169 


0-238 0391 
238 1097 
238 1803 
238 2510 
238 3216 


0-245 0839 
245 1610 
245 2380 
245 3151 
245 3922 


4-080 236 
078 953 
077 671 
076 389 
075 108 


0-971 2556 
971 2383 

971 2209 
971 2036 
971 1863 


55 
54 
53 I 


10 
IX 

13 
14 


0-234 1524 
2342231 
234 2938 
234 3645 
234 4352 


0-240 8480 
240 9250 
241 0019 
241 0789 
241 1558 


4-151 996 
150 670 

H9345 
148 020 
146 697 


0-972 1999 
972 1829 
972 1658 
972 1488 
972 1317 


0-238 3922 
238 4628 

238 5335 
238 6041 
238 6747 


0-245 4693 
245 5465 
245 6236 
245 7007 
245 7778 


4-073 828 
072 549 
071 271 
069 993 
068 716 


0-971 1690 
971 1516 
971 1343 

971 1169 

971 0996 


49 
47 


16 

18 
19 


0-234 5059 
234 5766 
234 6473 
234 7180 
234 7887 


0-241 2328 
241 3097 
241 3867 
241 4636 
241 5406 


4-145 374 
144 052 
142 731 
141 410 
140 091 


0-972 1147 
972 0976 
972 0806 
972 0635 
972 0464 


0-238 7453 
238 8159 
238 8866 
238 9572 
239 0278 


0-245 8549 

245 9320 
246 0091 
246 0863 
246 1634 


4-067 440 
066 164 
064 890 
063 616 
062 342 


0-971 0822 
971 0649 
971 0475 
971 0301 
971 0127 


45 I 


20 
21 
23 
33 
34 


0-234 8594 
234 9301 
235 0007 

235 0714 
235 1421 


0-241 6176 
241 6945 
241 7715 
241 8485 
-241 9255 


4-I38 772 
'37454 
136 137 
134 820 
133 505 


0-972 0294 

972 0123 
971 9952 
971 9781 
971 9610 


0-239 0984 
239 1690 
239 2396 
239 3102 
239 3808 


0-246 2405 
246 3177 
246 3948 
246 4719 
246 5491 


4-061 070 
059 798 
058 527 
057 257 
055 988 


0-970 9953 
970 9780 
970 9606 
970 9432 
-970 9258 


4. 

Ill 

37 1 
36 


26 

37 

28 
29 


0-235 2128 
235 2835 
235 3542 
235 4248 
235 4955 


0-242 0024 
242 0794 
242 1564 
242 2334 
242 3104 


4-132 190 
130 876 
129 562 
128 250 
126938 


0-971 9439 
97r 9268 
971 9097 
971 8926 
971 8754 


0-2394514 
239 5221 
239 5927 
239 6633 
239 7339 


0-246 6262 

246 7034 
246 7805 
246 8577 
246 9348 


4-054719 
053 451 
-052 184 
050917 
049 652 


0-970 9083 
970 8909 
970 8735 
970 8561 
970 8386 


35 1 

34 
33 1 
33 1 
31 | 


30 
31 


0-235 5662 
235 6369 


0-242 3874 
242 4644 


4-125 627 

124317 


0-971 8583 
971 8412 


0-239 8045 
2398751 


0-247 0120 
247 0891 


4-048 387 

047 122 


0-970 8212 
970 8038 


3<> I 


33 
33 

34 


235 7075 
235 7782 
235 8489 


242 5414 
242 6184 
242 6954 


123 008 

121 699 
120 392 


971 8240 
971 8069 
971 7897 


239 9457 
240 0163 
240 0869 


247 1663 

247 2435 
247 3206 


045 859 
044 596 

043 334 


970 7863 
970 7689 
970 75H 


38 
27 

6 I 


35 
36 
37 
38 
39 


0-235 9196 
235 9902 
236 0609 
236 1316 

236 2022 


0-242 7724 
242 8494 
242 9264 
243 0034 
243 0804 


4'II9 085 
II7778 
116473 

115 168 
113 865 


0-971 7726 
971 7554 
971 7383 
971 721 i 
971 7039 


0-240 1574 
240 2280 
240 2986 
240 3692 
240 4398 


0-247 3978 
247 4750 
247 5522 
247 6293 
247 7065 


4-042 073 
040 813 

039 553 
038 294 
037 035 


o-97o 7339 
970 7165 
970 6990 
970 6815 
970 6640 


35 
34 
33 
22 
21 




41 

43 
44 


0-236 2729 

236 3435 
236 4142 
236 4849 
236 5555 


0-243 1575 
243 2345 
243 3115 
243 3885 
243 4656 


4-112 561 
in 259 
109 958 
108 657 

107357 


0-971 6867 
971 6696 
971 6524 
971 6352 
971 6180 


0-240 5104 
240 5810 
240 6516 
240 7222 
240 7927 


0-247 7837 
247 8609 
247 9381 
248 0153 
248 0925 


4-035 778 
034 521 
033 265 
032 oio 
030 755 


0-970 6466 
970 6291 
970 6116 
970 5941 
970 5766 


20 

X8 
17 

16 




45 
46 
47 
48 
49 


0-236 6262 
236 6968 
236 7675 
2368381 
236 9088 


0-243 5426 
243 6196 
243 6967 

243 7737 
243 8508 


4-106 058 
104 759 
103 462 
102 165 

100 869 


0-971 6008 
971 5836 
971 5663 

971 5491 
971 5319 


0-240 8633 
240 9339 
241 0045 
241 0751 
241 1456 


0-248 1697 
248 2469 
248 3241 
248 4013 
248 4785 


4-029 501 
028 248 
026 996 
025 744 
024 493 


-97 5590 
970 5415 
970 5240 
970 5065 
970 4889 


15 
I 4 

13 
13 
IX 




50 
51 
53 
53 
54 


0-236 9794 
237 0501 
237 1207 
237 1914 
237 2620 


0-243 9278 
244 0049 
244 0819 
244 1590 
244 2360 


4-099 573 
098 279 
096 985 
095 692 
094 400 


0-971 5147 
971 4974 
971 4802 
971 4629 
971 4457 


0-241 2162 
241 2868 
241 3574 
241 4279 
241 4985 


0-248 5557 
248 6329 
248 7102 
248 7874 
248 8646 


4-023 243 
021 993 
020 745 
019 497 
oi 8 249 


0-970 4714 
970 4539 
970 4363 
970 4188 
970 4012 


IO 

09 
08 
07 
06 




55 
56 

57 

59 


0-237 3327 
237 4033 
-237 4740 
237 5446 
237 6153 


0-244 3131 
244 3902 
244 4672 
244 5443 
244 6214 


4-093 1 08 
091 818 
090 528 
089 239 
087 950 


0-971 4284 
971 4112 
971 3939 
971 3766 
971 3594 


0-241 5691 
241 6396 
241 7102 
241 7808 
241 8513 


0-248 9418 
249 0191 
249 0963 
249 1735 
249 2508 


4-017 003 
015 757 
014 512 
013 267 
012 024 


0-970 3836 
970 3661 
970 3485 
970 3309 
970 3133 


05 

04 
03 

02 

OX 




60 


0-237 6859 


0-244 6984 


4-086 663 


0-971 3421 


0-241 9219 


0-249 3280 


4-010 781 


0-970 2957 


00 






COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 


8 




d 


706-707 


771-769 


1287-1334 


173-169 


705-707 


773-770 


1243-1287 




d 





5 h OS- 



S'- 04' 



C-29 



TM 5-442 



O h 56" 



0" 57" 



d 


706-704 


772-774 


242-1201 


176-179 


705-704 


774-776 


200-1160 




d 




sin 


tan 


cot 


cos 


sin 


tan 


cot 


cos 




s 

00 
OI 

02 

03 
04 


241 9219 
241 9925 
242 0630 
242 1336 
242 2041 


-249 3280 
249 4052 
249 4825 

249 5597 
249 6370 


4-010 781 
009 539 
008 297 
007 057 
005 817 


9702957 
970 2781 
970 2605 
970 2429 
970 2253 


0-246 1533 
246 2238 
246 2943 
-246 3647 
246 4352 


253 9676 
2540451 
254 1225 
254 1999 
254 2773 


3-937 509 
936 310 

935 "o 
933 9" 
932 714 


969 2309 
.969 2130 

.969 1951 
.969 1772 
969 1593 


60 

59 
58 
57 
56 


05 
06 
07 
08 
09 


242 2747 
242 3452 
242 4158 
242 4863 
242 5569 


249 7143 
249 7915 
249 8688 
249 9460 
250 0233 


4-004 577 
003 339 
002 101 
4-000 864 
3-999 627 


970 2077 
970 1901 

970 1724 
970 1548 
970 1372 


0-246 5057 
246 5762 
246 6467 
246 7171 
246 7876 


254 3547 
254 4322 
254 5096 
254 5870 
254 6645 


3-931 517 
930 321 
929 125 
.927 930 
926 735 


969 1413 
969 1234 
969 1055 
969 0875 

969 0696 


55 
54 
53 
53 
5i 


IO 

II 

12 
13 
14 


0-242 6275 
242 6980 
242 7685 
242 8391 
242 9096 


0-250 1006 
250 1778 
250 2551 
250 3324 
250 4097 


3-998 392 
997 157 
995 922 
994 689 
993 456 


0-970 1195 
970 1019 
970 0842 
.970 0666 
970 0489 


0-246 8581 
246 9285 
246 9990 
247 0695 
247 1399 


0-254 7419 
2548194 
254 8968 
254 9743 
255 0517 


3-925 542 
924 349 
923 156 
921 965 
920 774 


0-969 0516 
969 0337 
.969 0157 
968 9978 
968 9798 


5 
49 
48 

47 
46 


IS 

16 


0-242 9802 
243 0507 


0-250 4870 
250 5642 


3-992 224 
990 992 


0-9700313 

.970 0136 


0-247 2104 
247 2809 


0-255 1292 
255 2066 


3-919 583 
918 394 


0-968 9618 
968 9438 


45 
44 


17 
18 

*9 


243 1213 
243 1918 
243 2623 


250 6415 
2507188 
250 7961 


989 762 
988 532 
987 302 


969 9959 
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950 4253 
950 4027 


0-314 8899 
314 9589 
315 0279 
-315 0969 
315 1660 


0-331 7675 
-331 8482 
331 9290 
-332 0097 
-332 0904 


3-014 159 
013 426 

OI2 693 

on 960 
on 228 


0-949 1282 
-949 1053 
949 0824 
949 0595 
949 0366 


35 
34 
33 
3* 
3i 


30 
31 

3* 
33 
34 


0-3II 0911 
311 1603 

311 2294 

311 2985 
311 3676 


0-327 3334 
327 4U9 
327 4944 
327 575 
327 65SS 


3-054 989 
054 238 
053 487 
052 736 
051 986 


0-950 3801 
950 3575 
95 3348 
950 3122 
950 2896 


0-315 2350 
.315 3040 
315 3730 
-315 4420 
315 5110 


0-332 1712 
332 2519 
332 3327 
332 4^34 
332 4942 


3-010 496 

009 764 
009 033 
008 302 

007 571 


0-949 0136 
948 9907 
948 9678 
-948 9449 
948 9219 


3<> 
29 

5 

26 


35 
36 
37 
38 
39 


0-311 4367 
311 5058 

3ii 5749 
. 3 u 6440 
311 7131 


0-327 7360 
327 8165 
327 897i 
327 9776 
328 0582 


3-051 236 
050 487 
049 737 
048 988 
048 240 


0-950 2669 
950 2443 
950 2216 
95 i9 8 9 
950 1763 


0-315 5800 
.315 6490 
315 7180 
.315 7870 
315 8560 


0-332 5750 
332 6557 
332 7365 
-332 8173 
332 8981 


3-006 841 
006 III 
005 381 
004 652 
003 923 


0-948 8990 
948 8760 
-948 8531 
948 8301 
948 8071 


25 

24 
23 
22 
21 


40 
4 
4 
43 
44 


0-311 7822 
3H 8513 
311 9204 

3ii 9895 
312 0586 


0-328 1387 
3282193 
328 2998 
328 3804 
328 4610 


3-047 492 
-046 744 
-045 996 
045 249 
-044 502 


0-950 1536 
950 1309 
950 1082 
950 0856 
950 0629 


0-315 9250 
3^5 9940 
316 0630 
-316 1320 
-316 2010 


0-332 9788 
333 0596 
333 J44 
333 2212 
333 3020 


3-003 194 

002 465 

ooi 737 
ooi 009 
3-000 282 


0-948 7842 
948 7612 
-948 7382 
948 7152 
948 6922 


20 
19 

18 

17 
16 


45 
46 
47 
48 
49 


0-312 1277 
312 1967 
312 2658 
3'2 3349 
312 4040 


0-328 5415 
328 6221 
328 7027 
328 7833 
328 8639 


3-043 755 
-043 009 
042 263 
041 517 
040 772 


0*950 0402 
950 0175 
949 9948 
949 9721 
949 9493 


0-316 2700 
316 3390 
316 4080 
316 4770 
.316 5460 


0-333 3828 
333 4636 
333 5444 
333 6252 
333 7o6i 


2-999 555 
998 828 
998 101 

997 375 
996 649 


0-948 6692 
948 6462 
948 6232 
-948 6002 
948 5772 


15 
M 
13 

12 
II 


50 
5* 
52 
53 
54 


0-312 4731 
.312 5422 
312 6112 
312 6803 
312 7494 


0-328 9444 
329 0250 
329 1056 
.329 1862 
329 2668 


3-040 027 
039 282 
038 538 

037 794 
037 050 


0-949 9266 
949 9039 
949 8812 
949 8584 
949 8357 


0-316 6149 
316 6839 
-316 7529 
316 8219 
316 8908 


0-333 7869 
333 8677 
333 9485 
334 0294 
334 1 102 


2-995 924 
995 198 
994 473 
993 749 
993 024 


0-948 5542 

948 53" 
948 5081 

948 4851 
948 4620 


10 

9 
08 

07 
06 


55 
5 
51 
58 
5? 


0-312 8185 
.312 8875 
312 95<: 
-313 025" 
-313 094' 


0-329 3474 
3294281 
329 5087 
i -329 589: 
7 -329 6690 


3-036 307 

035 564 
034 821 

034 079 
) -033 337 


0-949 8129 
-949 7902 
949 7674 
949 7447 
949 7219 


0-316 959? 
317 028? 
317 0978 
.317 1667 
317 235" 


0-334 I9H 
334 2719 
334 3527 
334433* 
334 SMS 


2-992 300 
991 577 
990 853 
990 130 
-989 407 


0-948 439= 
-948415? 
948 392? 
948 369* 
948 346' 


05 
04 
) 03 

} 02 

1 oi 


6c 


> 0-313 163* 


J 0-32975. 


' 3-032 595 


0-949 6991 


0-317 304-; 

- 


0-334 595: 


( 2-988 685 


0-948 323' 


7 oo 

8 




COS 


cot 


tan 


sin cos 


cot 


tan 


sm 




H 


690-692 


807-804 


742-762 


228-224 || 689-691 


809-806 


722-741 


231-227 


d 



C-38 



4" 47' 



TM 5-442 



sin 
00 (0-3173047 

01 I -317 3736 

3174426 
3 I -317 5115 
317 5805 

| 0-317 6495 

317 7874 
317 8563 
317 9253 

20 0-317 9942 
" -3l8 0632 
W -3l8 I 321 
*3 I -318 2010 

*4 

[0-3183389 
318 4079 
318 4768 
3i8 5457 
318 6147 

1 30 I 0-318 6836 

M -3i8 7525 

23 -318 8215 
3 -318 8904 

24 I -318 9593 



I 0-319 0282 
319 0972 
319 1661 
319 2350 
319 3039 

o-3i9 3728 
3I944I7 
319 5106 
'319 5796 
319 6485 

| 0-319 7174 
319 7863 
3198552 
319 924J 
3 "9 9930 

| 0-320 0619 
320 1308 
320 1997 
320 3686 
320 3374 

0-330 4063 
320 4752 
-320 5445 
320 6130 
320 6819 

[ 0-330 7508 
320 8196 
320 8885 
320 9574 
321 0363 



tan 

0-334 5953 
334 676a 
3347571 
334 8379 
3349188 

'334 9997 
'335 0806 
33S 1615 
335 3424 
335 3233 

'335 4042 
335 4831 
335 5660 
335 6469 
335 7278 

0-335 8087 
335 8896 
'335 9706 
336 0515 
336 1324 

0-336 2134 
336 3943 
336 3753 
336 4562 
336 5373 



cot 

2-988 685 
987 963 
987 241 
986 519 
985 798 

2-985 077 
984 357 
983 637 
982 917 
983 507 

2-9811 478 
980 759 
980 040 
979 322 
978 604 

2-977 886 
977 i 68 
9/6 452 
975 734 
975 0*8 



0-3366181 
336 6991 
336 78ox 
336 8610 
336 9420 

o-337 0230 
337 1040 
337 1850 
337 3660 
337 3470 

o-337 4280 
337 5090 
337 59&0 
337 6710 
337 7530 

o-337 8330 
'337 9140 
337 995 1 
338 0761 
338 3571 



[ 0.321 0951 
321 1640 
321 2329 
321 3017 
321 3706 

| 0-321 4395 

COS 

d I 688-4oo 



M38 4003 
338 4813 
338 5624 

0-338 6434 
338 7345 
33 056 
338 8866 
338 9677 



0-339 0488 

339 2299 

'339 3110 

339 2921 
339 3732 

0-339 4543 

cot 

811-808 



3-974 3<>2 
973 586 

972 870 
I -972 155 
971 44 

2-970 735 
970 on 

968 583 

967 870 

2-967 157 
966 444 

9 5 731 
965 019 
964 307 

2-063 596 
962 8R4 
962 173 
961 463 
I -960 752 

2-960 043 

959 333 
958 623 

9579J4 
957 203 

2-956 496 
'955 788 
955 8o 
934 373 
953 663 

2-953 958 

9St 54 S 
950 839 
950 533 



23*-234 

COS 

0-948 3237 

948 3006 
948 2775 
948 2544 
948 2313 

0-948 2082 
948 1851 

948 1620 

948 1389 
948 1158 

0-948 0927 
948 0695 
948 0464 
948 0333 

948 oooi 

-947 9770 

947 9538 
947 9307 
947 9075 
947 8843 

0-947 8613 
947 838 
947 8148 

947 7684 

Q-947 74SS 
'947 733-0 
947 6988 
947 75<> 



821-814 



sin 



0-947 6292 
947 6059 
947 5827 
947 5594 

947 S36a 

'947 5x30 
947 4897 
947 4664 
947 44.12 
947 4^99 

0-947 3966 
947 3734 
947 3501 
947 3268 
947 33S 
0-947 2802 

947 2569 
)47 2336 
947 3103 
947 1870 



0-321 4395 
321 5083 
321 5772 
321 6460 
321 7149 

0-321 7838 
321 8526 
321 9.1x5 
325 9903 
322 0593 

0-332 1280 
322 1969 
322 2657 
322 3345 
322 4034 

o- 323 4723 
322 54 si 
322 6099 
322 6787 
323 7475 



704-686 

cot 



333 9540 
323 0329 
323 09x7 
0-323 1605 
323 3293 
323 2981 
37.3 3670 
323 4358 



2-949 428 
948 723 
948 018 

947313 
946 609 

2 -945 90s 

tan 
704-722 



0-947 1636 
947 H.1 
947 "70 
947 0936 
947 0703 



0-947 0469 
947 0336 

947 0002 

946 9769 

946 9535 
0-946 9301 



sin 



'323 5046 
333 5734 
323 6422 
323 7110 
323 7798 

0-323 8486 
3^3 9174 
323 9862 
324 0550 
324 1238 

324 2614 
324 3302 
'3 a 4 39*jo 
3244^78 

0-324 5366 
324 6053 

324 6741 
324 7420 
324 Ui 17 

0-334 8805 
M Z4 9492 
325 01 So 
335 0868 

0-325 2243 
325 2931 
325 3619 
325 4306 
3^5 4994 

0-325 5682 

COS 

687-689 



0-339 4543 
339 5354 
339 6565 
339 6976 
'339 7787 

0-339 8598 
339 9409 

340 O22J 
340 !032 
340 8843 

0-340 2655 
340 3466 
340 4278 
340 5089 

340 5901 

0-340 6712 
340 7524 
340 8336 
340 91147 
! M40 9959 

0-341 0775 
341 1583 
341 2395 
341 3207 
341 4019 

0-341 4831 

34i 5643 

341 6455 
341 7267 
341 8079 



2-945 905 
94S 201 
944 498 
943 795 
943 092 

2-942 390 
94* 687 
940 986 
940 284 
939 583 

2-938 882 
938 181 
937 481 
936 781 
936 08 1 

2-935 38! 
934 682 
933 983 
933 285 
932 586 

2-931 888 
931 lyx 
930 493 



333-237 

COS 



0-341 8891 

34i 970.1 
342 0516 
342 1328 

342 2140 

0-342 2953 
342 37<>5 
342 4S?8 
342 5390 
342 6203 

0-343 7015 
342 7828 
342 8641 
342 9454 
"343 0266 

0-343 i79 
343 1892 
343 2705 
'34.1 35i8 
343 433i 

0-343 544 
343 5957 
343 6770 
34.1 7583 
343 8396 

0-343 9209 
344 0023 
344 0836 
344 1649 
344 2463 

0- 344 3276 



929 099 

2-938 403 
927 707 
927 oo 
9af 3^5 
925 6ao 



cot 

814-8! i 



2-924 925 
924 230 

922 842 
922 148 

a-021 454 

030 761 

920 068 
919 .175 
918 683 

2-QJ7 991 

987 299 
916 6oH 
915 916 
9*5 226 

2-'J4 53S 
913 845 
yij 155 
933 465 
911 775 

2-911 086 
910 397 
90*; 709 
909 02 i 
908 333 

2-907 645 
006 958 
906 270 
905 584 
904 897 

2-904 211 

tan 



0-946 9301 
946 9068 
946 8834 
946 8600 
946 8366 

0-946 8132 
946 7898 
946 7664 
946 7430 
946 7195 

0-946 6961 
946 6727 
946 6493 
946 6358 

946 6034 

0-946 5789 
946 5555 
946 5320 
946 5086 
946 4851 

0-946 4616 
946 4381 
946 4*47 
946 391? 
946 3677 

0-946 3442 
946 3207 
946 3972 
946 2736 
946 2501 

0-946 2266 
946 2031 

94& 1795 
946 1560 
946 1325 

0-946 1089 
946 0854 
946 0618 
946 0382 
946 0147 

-45 99 i i 
945 9<>75 
945 9439 
945 9203 
945 8968 

0-945 8732 
945 8495 
U45 8259 
945 8023 
945 7787 

0-945 755J 
945 73^5 
945 7078 
945 6842 
945 6605 

0-945 6369 
945 6132 
945 5896 
945 5659 
94S 5422 

0-94S 5i86 



sin 
237-233 



TM 5-442 



1" 



fh 





"f 
813-816 


686-669 


- ' ii ' ' " ~ 
237-240 687-685 


816-819 


669-653 


239-243 I d 1 


d 


688-686 




sin 


tan 


cot 


cos | sin 


. tan 


cot 


cos 1 


8 ~ 
OO 
01 
02 


0-325 5682 
325 6369 
325 7057 


0-344 3276 
3444090 

344 4903 


2-904 211 

903 525 
902 839 


a- 945 5186 
945 4949 
945 4712 


0-329 6906 

329 7593 
329 8280 


3.349 2156 

349 2972 
349 3788 


2-863 560 ( 
862 891 
862 223 
86 1 554 


j-944 0890 
-944 0650 
9440411 
9440171 


So 
59 
58 

S7 


03 
04 


325 7744 
-325 8432 


344 5717 
344 6530 


902 154 
901 469 


945 4475 
945 4238 


3*9 9653 


349 5420 


860 886 


943 9931 


56 


05 
06 

07 
08 

09 


0-325 9119 
325 9807 
326 0494 
326 1182 
326 1869 


0-344 7344 
.3448158 

344 8971 
344 9785 
345 599 


2-900 784 
900 100 

-899415 
-898731 
898 048 


0-945 4001 
945 3764 
945 3527 
945 3290 
945 3053 


0-330 0339 
330 1026 
330 1712 
330 2398 
330 3085 


0-349 6236 
349 7053 
349 7869 
349 8685 
349 9501 


2-860 219 

859 55i 
858 884 
858 217 
857 550 


0-943 9691 
943 9451 
94392" 
943 8971 
943 8730 


55 

54 
53 

53 
5* 


10 
ii 

12 

14 


0-326 2557 
326 3244 
326 3932 
326 4619 
.326 5306 


0-345 H13 
345 2226 

345 304 
345 3854 
345 4668 


2-897 364 
896681 

895 999 
895 316 
894 634 


0-945 2816 
945 2578 
945 2341 
945 2104 
945 1866 


0-330 3771 
3304458 
330 5^44 
-330 5830 
33 5 I 7 


0-3500317 
350 "34 
350 1950 
350 2767 
350 3583 


2-856 884 
856218 
855 552 
854 886 
854221 


o-943 8490 
943 8250 
943 8010 
943 7769 
943 7529 


49 
48 
47 
46 


15 

16 

17 
18 

19 


0-326 5994 
326 6681 
326 7368 
326 8056 
326 8743 


0-345 5482 
345 6296 

34571" 
345 7925 
345 8739 


2-893 952 
893 270 
892 589 
891 908 
891 227 


0-945 1629 
945 1391 
945 "54 
945 0916 
945 0678 


0-330 7203 
.330 7889 
330 8575 
-330 9262 
330 9948 


0-350 44<>o 
3505216 
350 6033 
350 6849 
350 7666 


2-853 556 
852 891 
852 227 
851 562 
850 899 


0-943 7288 
943 7048 
943 6807 
943 6566 
943 6326 


45 
44 
43 
43 
4* 


20 

ax 

22 

23 

24 


0-326 9430 
3270117 
327 0805 
327 1492 
327 2179 


0-345 9553 
346 0367 
346 1182 
346 1996 
346 2810 


2-890 547 
889 867 
-889 187 
888 507 
887 828 


0-945 0441 
945 0203 
.9449965 
944 9727 
944 9489 


0-331 0634 
331 1320 
-331 2007 
331 2693 
331 3379 


0-350 8483 
350 9300 
351 0116 
351 933 
351 175 


2-850 235 
849 572 
848 908 
848 246 
847 583 


0-943 6085 
943 5844 
943 5603 
943 5363 
943 5122 


40 
39 
38 
37 
36 


25 
26 

27 

28 

.29 


0-327 2866 
327 3553 
.327 4240 
327 49 2 8 
327 5615 


0-346 3625 
346 4439 
346 5254 
346 6068 
346 6883 


2-887 149 
886 470 
885791 
885 113 
884435 


0-944 9251 
944 9013 
944 8775 
944 8537 
.9448299 


0-331 4065 
331 4751 
331 5437 
-331 6123 
331 6809 


0-351 2567 
351 3384 
351 4201 
-351 5018 
35* 5835 


2-846 921 
846 259 
845 597 
844 936 
844 274 


0-943 4881 
943 4640 
943 4399 
943 4157 
943 3916 


35 
34 
33 
3 
3i 


3 

31 
32 

33 
34 


0-327 6302 
327 6989 
327 7676 
327 8363 
327 9050 


0-346 7698 
346 8512 
346 9327 
347 i42 
347 957 


2-883 758 
883 080 
882 403 
881 727 
881 050 


0-9448060 0-331 7495 
-9447822 -331 8181 
9447584 -3318867 
944 7345 '33 9553 
9447107 -332 0239 


0-351 6652 
351 7469 
351 8287 
351 910,1 
351 992 


2-843 614 
842 953 
842 293 
841 633 
840 973 


0-943 3675 
943 3434 
943 3192 
943 2951 
943 2710 


30 
29 
28 

27 

26 


35 
36 
37 
38 
39 


0-327 9737 
328 0424 
328 mi 
328 1798 
328 2485 


0-347 1772 
347 2586 
347 3401 
347 4216 

3475031 


2-880 374 
879 698 
879 022 
878 347 
-877 672 


0-9446869 0-332 0925 
9446630 -332 1611 
-9446391 -3322297 
9446153 -332 2983 
944 5914 1 '332 3669 


0-352 073 
352 X55 
352 237 
352 319 
352 4o 


2-840313 
839 654 
838 995 
838 336 
837 678 


0-943 2468 
943 2227 
943 1985 
943 1743 
943 1502 


35 

33 
22 

21 


40 
41 
42 
43 
44 


0-328 3172 
328 3859 
-328 4546 
328 5232 
328 5919 


Q-347 5846 
347 6662 

347 7477 
-347 8292 
-347 9107 


2-876 997 
876 323 
875 648 
-874 974 
874 301 


0-944 5675 
944 5437 
9445198 

9444959 
-9444720 


0-3324355 
332 5041 
332 5727 
332 6412 
332 7098 


0-352 482 
352 564 
352 646 
352 727 
352 809 


2-837 020 
836 362 
835 704 
835 047 
834 390 


0-943 1260 
943 1018 
943 0776 
943 0534 
943 0293 


2O 
I 9 

18 

17 

16 


45 
46 
47 
48 

49 


0-328 6606 
328 7293 
328 7980 
328 8666 
3289353 


0-347 9922 
348 0738 
348 1553 
348 2368 
348 3184 


2-873 627 
872 954 
-872 281 
871 609 
870 937 


0-9444481 
9444242 
944 4003 
944 3764 
944 3525 


0-3327784 
332 8470 
332 9155 
332 9841 
3330527 


0-352 891 
352 973 
353 055 
353 1368 
353 2'86 


2-833 733 
833 076 
832 420 
831 764 
831 108 


0-943 0051 
942 9809 
942 9566 
-942 9324 
942 9082 


13 
12 

XI 


50 
51 

5* 
33 
54 


0-329 0040 
-3290727 
329 1413 

329 2IOO 
329 2787 


0-348 3999 
-3484815 
348 5630 
348 6446 
348 7262 


2-870 265 
869 593 
868 921 
868 250 
867 580 


0-944 3285 
944 3046 
944 2807 
944 2567 
944 2328 


0-333 1213 
333 '898 
333 2584 
333 3270 
333 3955 


0-353 3004 
353 3822 
353 464 
353 5458 
353 6276 


2-830453 
829 798 
829 143 
828 488 
827 834 


0-942 8840 
942 8598 
942 8355 
9428113 
942 7871 


10 

09 
08 

07 
06 


55 
56 
57 

59 


0-329 3473 
329 4160 
-329 4847 
329 5533 
329 6220 


0-348 8077 
348 8893 
.348 9709 
3490525 
349 1340 


2-866 909 
866 239 
865 569 
-864 899 
864 229 


0-944 2088 
944 1849 
944 1609 
944 1370 
944 "30 


0-333 4641 
333 5326 
333 6012 
333 6698 
333 7383 


o-353 7094 
353 79" 
353 8731 
353 9549 
354 367 


2-827 179 
826 526 
825 872 
825 219 
824 566 


0-942 7628 
-942 7386 
942 7143 
942 6000 
942 6658 


05 
04 
03 

02 
OX 


60 


0-329 690^ 


0-349 2156 


2-863 560 


o- 944 0890 


0-333 8o6g 


0-354 1186 


2-823 913 


0-942 6415 


OO 

8 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 






686-688 


816-813 


669-686 


240-237 


685-^87 


810-816 


653-669 


243-239 


d 



C-40 



4 h 43* 



18* 



TH 5-44-2 



d 


686-684 


8l8-82I 


653-637 


242-246 I 685-683 


821-824 


637-622 


245-249 


d 




sin 


tan 


cot 


cos sin 


tan 


cot 


cos 




s 
oo 


0-333 8069 


0-354 1186 


2-823 913 


0-942 6415 0-337 9167 


o-359 0367 


2-785 231 


0-941 1760 


60 


01 


333 8754 


'354 2004 


823 260 


942 6172 -337 9852 


359 n88 


-784 594 


941 1514 


59 


I n2 


1 1 -1 OAjLO 


354 2823 


822 608 


942 5929 -338 0536 


359 2009 


783 957 


941 1269 


58 


|03 

1 04 


3340125 
334 08lO 


354 3641 
354 446o 


821 956 
821 304 


942 5686 -338 1220 
942 5444 -338 1905 


359 2830 
3S9365I 


783 321 
782 685 


941 1023 
941 0777 


57 
56 


05 0-334 H96 
06 -334 2181 
07 -3342867 
08 -334 3552 
09 '334 4237 


0-354 5278 
354 6097 
-3546916 
3547734 
354 8553 


2-820 653 
820 002 
819 351 
818 700 
8:8 050 


0-942 5201 0-338 2589 
-942 4958 -338 3274 
942 4714 -338 3958 
942 4471 -338 4 6 42 
-942 4228 -338 5326 


o-359 4472 
359 5293 
3596ii5 
359 6936 
359 7757 


2-782 050 
781 414 
780 779 
780 144 
779 509 


0-941 0531 
941 0285 
941 0039 
940 9793 
940 9546 


5S 
54 
S3 

S* 


10 0-334 4923 
ii -3345608 
la -3346293 
1 13 -3346979 
14 -334 7664 


0-354 9372 
"355 0191 
355 1010 
355 1829 
355 2648 


2-817 400 
816 750 
816 100 

814 802 


0-942 3985 0-338 6011 
942 3742 -338 6695 
-942 3498 -338 7379 
942 3255 -338 8063 
-942 3012 -338 8748 


0-359 8579 
359 9400 

360 0222 
360 1043 
360 1865 


2-778 875 
778 241 
777 607 
776 973 
776 34 


0-940 9300 
940 9054 
940 8808 
940 8561 

9408315 


49 

48 
47 
46 


15 0-334 8349 0-355 3467 
16 -3349034 '355 4286 
17 -3349720 -355 5i5 


2-814 153 
813 505 
812857 


0-942 2768 0-338 9432 
942 2525 -3390116 
942 2281 -339 0800 


0-360 2686 
360 3508 
360 4329 


2-775 707 
775 >74 
*774 4-4* 


0-940 8068 
940 7822 
940 7575 


45 
44 
43 



335 
335 109 

I 0-335 1775 
335 2460 
3353H5 
335 3831 
3354516 

*5 I o-335 5201 
*6 I -335 5886 
335 6571 
335 7256 
-335 794 

I 0-335 8626 
33593" 
335 9996 
3360681 
336 1366 

| 0-336 2051 
336 2735 
336 3420 
336 4i5 
336 4790 

40 I 0-336 5475 
-336 6160 
-336 6844 
-336 7529 
-3368214 



60 



812 209 
811 561 

2-810 913 
810 266 
809 619 
808 973 
808 326 

2-807 680 
-807 034 
806 389 
805 743 
805 098 

2-804453 
803 809 
803 165 
.802 521 
801 877 

2-801 233 
800 590 
799 947 
799 304 
798 662 

2-798 020 
797 378 
796 736 
796 095 
795 454 

2-794813 
794 >72 
793 532 
792 892 
792 252 

2-791 612 
790 973 
790 334 
789 695 
789 057 

2-788 418 
-787 780 
-787 142 
786 505 
785 868 

2-785 231 



942 2037 
942 1794 

0-942 1550 
942 1306 
942 1062 
942 0818 
942 0575 



0-942 0331 
942 0087 
941 9842 
941 9598 
94* 9354 

0-941 9110 
-941 8866 
941 8621 
941 8377 
941 8133 

0-941 7888 
941 7644 
941 7399 
941 7^54 
941 6910 

0-941 6665 
941 6420 
941 6i7S 

! -941 5931 
941 5686 

0-941 5444 
941 5196 
941 4951 
941 4705 
941 4460 

0-941 4215 
941 3970 
941 3724 

94J 3479 
941 3234 

0-941 2988 
941 2743 
941 2497 
941 2252 
941 2006 

0-941 1760 



339 1484 
339 2168 

0-339 2852 
339 3537 
339 4221 
3394905 
339 5589 

0-339 6273 
339 6957 
339 7641 
339 8325 
339 9008 

0-339 9692 
340 0376 
340 1060 

34 !744 
340 2428 

0-340 3112 
340 3796 
340 4479 
3405163 
340 5 8 47 

0-340 6531 
-340 7214 
-340 7898 
340 8582 
340 9265 

0-3409949 



360 5151 

360 5973 

0-360 6795 
360 7617 
-360 8438 
360 9260 
361 0082 

0-361 0904 
361 1726 
361 2549 
361 337i 
361 4193 

0-361 5015 
361 5837 
361 6660 
361 7482 
361 8305 

0-361 9127 
361 9949 
362 0772 
362 1595 
362 2417 

0-362 3240 
362 4063 
362 4885 
362 57"8 
362 653-1 

0-362 7354 



341 oo 
341 1316 

341 2000 
341 2683 

0-341 3367 
. 34 I 4050 

341 4734 
341 5417 
341 6101 

0-341 6784 
341 7468 
-341 8151 
341 8835 
-341 95i8 

0-342 0201 



362 8177 
362 9000 
362 9823 
363 0646 

0-363 1469 
363 2292 
363 3H5 
363 3939 
.363 4762 



773 177 

2-772 S45 
771 913 
771 282 
770 651 
770 020 

2-769 389 I 
768 759 
768 129 

767 499 
766 869 

2-766 240 
765 611 
764 982 
764 354 
763 725 

2-763 097 
762 470 
761 842 
761 215 
760 588 

2-759 96i 
759 334 

758 708 
758 082 
757 456 

2-756 83' 
756 205 
755 58o 
754 955 
754 331 

2-753 707 
753 083 
752 459 
751 835 

751 212 



940 7082 

0-940 6835 
940 6589 
940 6342 
940 6095 
940 5848 

0-940 5601 

940 5354 
940 5107 
940 4860 
-9404613 

0-940 4366 
940 4118 
940 3871 
940 3624 
940 3376 

0-940 3129 
940 2881 
940 2634 
940 2386 
940 2138 

0-940 
940 1643 
940 1395 
940 1147 
940 0899 



cot 



tan 



821-818 | 637-653 
4" 41' 



sin 



cos 



0-363 5585 
.363 6408 
363 7232 
363 8055 
-363 8879 

0-363 9702 



2-750 589 

749 966 
749 344 
748 721 
748 099 

2-747 477 



0-93994" 
9399163 

939 8914 
939 8666 
939 8418 
0-939 8169 
939 7921 
939 7672 
939 7424 
939 7175 

0-939 6926 



cot 



tan 



sin 



246-242 683-^85 



5-442 



1" 20" 



d 


684-682 


823-827 


621-607 


248-252 


683-681 


826-829 


607-593 


251-255 


d 




sin 


tan 


cot 


cos 


sin 


tan 


cot 


cos 




s 
oo 
ox 

02 
03 

04 


0-342 0201 
342 0885 
-342 1568 
3422251 

342 3935 


0-363 9702 
364 0526 
364 1350 
364 2173 

364 2997 


2-747 477 
746 856 
746 235 
745 614 
744 993 


0-939 6926 
939 6677 

939 6429 
939 6180 

939 593' 


0-346 1171 
346 1853 
346 2535 
346 3217 
346 3900 


0-368 9195 

369 0021 
369 0847 
369 ^74 
369 2500 


2-710 619 

710 012 

709 405 

708 799 
708 192 


.938 1913 

938 1662 
938 1410 
938 1158 

938 0906 


60 
59 
58 
57 
56 


05 
06 

07 
08 
09 


0-342 3618 
342 4301 
342 4985 
342 5668 
342 6351 


0-364 3821 
364 4644 
-364 5468 
364 6292 
364 7116 


2-744 372 
743 752 
743 132 
742 512 
741 892 


0-939 5682 
939 5433 
939 5184 
939 4935 
939 4686 


0-346 4582 
346 5264 
346 5946 
346 6628 
346 7310 


0-369 3326 
369 4153 

369 4979 
369 5806 
369 6632 


2-707 586 
706 981 
76 375 
705 770- 
705 165 


0-938 0654 
938 0402 
938 0150 
937 9898 
937 9646 


55 
54 
53 
52 


IO 
IX 
12 

13 
14 


0-342 7034 
342 7717 
342 8400 
3429084 
342 9767 


0-364 7940 
364 8764 
364 9588 
.365 0412 
365 1236 


2-741 273 
740 654 
74 35 
739 47 
738 798 


0-939 4436 
939 4187 
939 3938 
939 3689 
939 3439 


o-346 7992 
346 8674 
346 9357 
347 0039 
347 0721 


0-369 7459 
369 8286 
369 9112 
369 9939 
370 0766 


2-704 560 
703 956 
703 35' 
702 747 
702 143 


0-937 9394 
937 9H2 
937 8889 
937 8637 
937 8385 


50 
49 
48 

47 
46 


15 
16 
17 


Q-343 0450 
343 "33 
343 1816 


0-365 2061 
-365 2885 
365 3709 


2-738 180 
737 562 
736 945 


0-939 3190 
939 294 
939 2691 


0-347 1403 
347 2085 
347 2767 


0-370 1593 
370 2420 
370 3247 


2-701 540 
700 936 
700 333 


0-937 8132 
937 788o 
937 7627 


45 
44 
43 


TK 


'343 2499 


365 4533 


736 327 


939 2441 


347 3448 


3704073 


699 730 


937 7175 


42 


19 


343 3182 


365 5358 


735 7" 


939 2191 


347 4130 


370 4901 


699 128 


937 7122 


41 


20 
2X 
22 
23 


0-343 3865 
343 4548 
343 5231 
343 5914 
343 6597 


0-365 6182 
365 7007 
365 7831 
365 8656 
365 9480 


2-735 093 
734 477 
733 860 
733 244 
732 628 


0-939 194* 
939 1692 
939 1442 
939 1192 

939 0943 


o-347 4812 
347 5494 
347 6176 
347 6858 
347 7540 


0-370 5728 
370 6555 
370 7382 
370 8209 
370 9036 


2-698 525 
697 923 
697 321 
696 720 
696 118 


0-937 6869 
937 6617 
937 6364 
937 6111 
937 5858 


40 
39 
38 
37 
36 


25 
26 

27 
78 


0-343 7280 

343 7963 
-343 8646 

343 93*9 


0-366 0305 
366 1130 
366 1954 
-366 2779 


2-732 013 
731 397 
730 782 
730 167 


0-939 0693 
939 0443 
939 0193 
938 9942 


0-347 8222 
347 8903 
347 95 8 5 
348 0267 


0-370 9864 
37i 0691 
371 'SIS 
371 2346 


2-695 517 
694 916 

694 3i5 
603 715 


o-937 5605 
937 5352 
937 5099 
937 4846 


35 
34 
33 
32 


29 


-3440011 


-366 3604 


729 553 


-938 9692 


348 0949 


371 3173 


693 114 


937 4593 


3i 


30 

y* 

33 
34 


0-344 0694 
344 1377 
3442060 

344 2743 
344 345 


0-3664429 
366 5254 
366 6079 
366 6904 
366 7729 


2-728 938 
728 324 
727 710 

727 097 
726 483 


0-938 9442 
938 9192 
938 8942 
938 8691 
938 8441 


0-348 1630 
348 2312 
3482994 
348 3676 
34 4357 


0-371 4001 
371 4828 
371 5656 
371 6483 
37i 73" 


2-692 514 
691 915 
691 315 
690 716 
690 116 


o-937 4340 
937 4087 
937 3833 
937 358o 
937 3327 


30 
29 

28 

26 


35 
36 
37 
38 


344 4791 
344 5473 
344 6156 


0-366 8554 
366 9379 
367 0204 
367 1029 


2-725 870 

725 257 
724644 
724 032 


0-938 8190 
938 7940 
938 7689 
938 7439 


o-348 5039 
348 5720 
348 6402 
348 7084 


0-371 8139 
371 8967 
37i 9794 
372 0622 


2-689 518 
688 919 
688 321 
687 722 


o-937 3073 
937 2820 
937 2566 
937 2313 


25 

22 


39 


344 6839 


367 1854 


723 420 


938 7188 


348 7765 


372 1450 


687 124 


937 2059 


21 


40 
4* 
42 


0-344 75*1 
.344 8204 
.344 8887 


0-367 2680 
367 3505 
36? 433 


2-722 808 
722 196 
721 584 


0-938 6938 
938 6687 
938 6436 


0-348 8447 
348 9128 
348 9810 


0-372 2278 
372 3106 
372 3934 


2-686 527 
685 929 
685 332 


0-937 1806 
937 1552 
937 1298 


2O 
19 

18 


43 
44 


344 9569 
345 0252 


367 5156 
367 598i 


720 973 
720 362 


938 6185 
938 5934 


349 0491 
349 "73 


372 4762 
372 5590 


684 735 
684 138 


937 1044 
937 0790 


17 

16 


45 
46 


0-345 0934 
345 1617 


0-367 6807 
367 7632 


2-719 751 
719 141 


0-938 5683 
938 5432 


0-349 1854 
349 2536 


0-372 6419 
372 7247 


2-683 542 
682 945 


Q-937 0536 
937 0283 


15 
14 


47 
48 
49 


345 2299 
345 2982 
345 3664 


-367 8458 
-367 9284 
368 0109 


718 530 
717 920 
717 3" 


938 5181 
938 493<> 
938 4679 


349 3217 
349 3898 
349 458o 


372 8075 
372 8903 
372 9732 


682 349 
681 754 
681 158 


937 0029 
936 9774 
936 9520 


13 

12 
IX 


So 

52 

53 
54 


0-345 4347 
345 50*9 
345 5712 
345 6394 
345 7077 


0-368 0935 
368 1761 
368 2587 
368 3412 
-368 4238 


2-716 701 
716 092 
715 483 
7*4 874 
714 265 


0-938 4428 
938 4177 
938 3925 
938 3674 
938 3423 


0-349 5261 

349 5943 
349 6624 

349 7305 
349 7986 


0-373 0560 
373 1389 
373 2217 
373 3046 
373 3874 


2-680 563 
679 967 
679 372 
-678 778 
678 183 


0-936 9266 
936 9012 
936 8758 
936 8503 
936 8249 


IO 

9 
08 

7 
06 


55 
56 
57 
58 
59 


o-345 7759 
345 8441 
345 9124 
345 9806 
346 0488 


0-368 5064 
368 5890 
-368 6716 
368 7542 
.368 8369 


2-713 657 
713 049 
712 44' 
7" 833 
711 226 


0-938 3171 
938 2920 
938 2668 
-938 2417 
938 2165 


0-349 8668 

349 9349 
-350 0030 
350 071 
35 '393 


o-373 4703 
373 5532 
373 6360 
373 7189 
373 8018 


2-677 589 
676 995 
676 401 
675 808 
675 215 


0-936 799 
936 7740 
936 7486 
-936 723 
936 6977 


05 

Ot 

o; 

02 
OI 


60 


0-346 1171 


0-368 9195 


2-710 619 


0-938 1913 


0-350 2074 


o-373 8847 


2-674 621 


0-936 672 


00 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 




H 


682-684 


827-833 


607-621 


252-248 


681-683 


829-826 


593-607 


255-251 


d 



C-42 



4" 39" 



4" 38' 





sin 


tan 


cot 


COS 


sin 


tan 


cot 


cos 




oo 


0-350 2074 


0-373 8847 


2-674 621 


0-936 6722 


0-354 2910 


0-378 8661 


2-639455 


'935 1352 


60 


01 


350 2755 


373 9676 


674 029 


936 6467 


354 3590 


378 9493 


638 876 


'935 1094 


59 


02 


35 3436 


374 0505 


673 436 


936 6212 


3544270 


379 0324 


638 297 


935 0837 


58 


03 


3504117 


374 !334 


672 844 


936 5958 


354 4950 


379 1156 


637718 


935 579 


57 


04 


3504798 


3742163 


672 252 


936 5703 


354 5630 


379 1988 


637 139 


935 0321 


56 


05 


0'3S 5479 


0-374 2992 


2-671 660 


'936 5448 


0-3546310 


0-379 2820 


2-636 561 


0-935 0063 


55 


06 


350 6160 


374 3821 


671 068 


936 5193 


354 6990 


379 3652 


635 983 


934 9805 


54 


07 


350 6842 


3744650 


670 477 


936 4938 


354 7670 


379 4483 


635 405 


934 9547 


53 


08 


350 7523 


374 5479 


669 885 


936 4683 


354 8350 


379 5315 


634 827 


934 9289 


53 


09 


350 8204 


374 6309 


669 294 


936 4428 


354 9030 


379 6147 


634 250 


934 00 3i 


51 


IO 


0-350 8885 


0-374 7138 


2-668 704 


0-936 4173 


0-354 9710 


o-379 6979 


2-633 672 


0-934 8773 


5 


II 


350 9566 


374 7967 


668 113 


936 3917 


355 0390 


379 7812 


633 095 


934 8515 


49 


12 


351 0246 


374 8797 


667 523 


936 3662 


355 1070 


379 8644 


632 519 


934. 8257 


48 


*3 


351 0927 


374 9626 


666 933 


936 3407 


355 1749 


379 9476 


631 942 


934 799* 


47 


14 


351 1608 


375 0456 


666 343 


936 3T52 


355 2429 


380 0308 


631 366 


934 7740 


46 


IS 


0-351 2289 


0-375 1285 


2-665 753 


0-936 2896 


0-355 3109 


0-380 1 140 


2-630 789 


0-934 7482 


45 


16 


351 2970 


3752II5 


665 164 


936 2641 


355 3789 


380 1973 


630 214 


934 7223 


44 


17 


35* 3651 


375 2944 


664 575 


936 2385 


355 4469 


380 2805 


629 638 


934 6965 


43 


18 


351 4332 


375 3774 


663 986 


936 2130 


355 5X48 


380 3637 


629 062 


934 6706 


43 


*9 


351 SOI3 


375 4604 


663 397 


936 1874 


355 5828 


380 4470 


628 487 


934 6448 


4i 


20 


o-35i 5693 


Q-375 5433 


2-662 809 


0-936 1618 


0-355 6508 


0-380 5302 


2-627 912 


0-9346189 


40 


21 


351 6374 


375 6263 


662 220 


936 1363 


'355 7187 


3806135 


627 337 


9345931 


39 


22 


351 75S 


375 7093 


661 632 


936 1107 


355 7867 


380 6968 


626 763 


934 5672 


38 


23 


35' 7736 


375 7923 


66 1 044 


936 0851 


355 8547 


380 7800 


626 1 88 


9345413 


37 


34 


351 8416 


375 8753 


660 457 


936 0595 


'355 96 


380 8633 


625 614 


934 5154 


36 


35 


0-351 9097 


o-375 9583 


2-659 870 


0-936 0339 


0-355 99o6 


0-380 9466 


2-625 040 


0-934 4895 


35 


26 


351 9778 


3760413 


659 282 


936 0084 


356 0585 


381 0298 


624 466 


934 4637 


34 


27 


352 0459 


376 1243 


658 696 


935 9828 


356 1265 


381 1131 


623 893 


934 4378 


33 


28 


352 H39 


376 2073 


658 109 


935 9571 


356 1944 


381 1964 


623 320 


9344U9 


33 


29 


352 1820 


376 2903 


657 522 


935 9315 


356 2624 


381 2797 


622 747 


934 3860 


3i 


3 


0-352 2500 


0-376 3733 


2-656 936 


-935 9059 


0-356 3303 


0-381 3630 


2-622 174 


0-934 3600 


30 


31 


352 3181 


3764564 


656 350 


935 8803 


356 3983 


381 4463 


621 601 


934 3341 


39 


33 


352 3862 


3/6 5394 


655 765 


935 8547 


356 4662 


381 5296 


621 029 


934 3082 


28 


33 


3524542 


376 6224 


655 179 


935 8291 


356 5342 


381 6129 


620 456 


934 2823 


27 


34 


352 5223 


376 7055 


654 594 


935 8034 


356 6021 


381 6962 


619 884 


934 2563 


26 


35 


0-352 5903 


0-376 7885 


2-654 009 


0-935 7778 


0-356 6701 


0-381 7795 


2-619313 


0-934 2304 
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849-852 


508-496 




sin 


tan 


cot 


cos 


sin 


tan 


cot 


cos 




s 

00 
01 
02 

03 
04 


0-3746066 

374 674 
374 74'4 
-374 8089 
374 8763 


0-404 0262 

404 1108 
404 1954 
404 2800 
404 3646 


2-475 8? 
474 569 
474 5i 
473 533 
473 015 


0-927 1839 
927 1566 
927 1294 

947 1021 

927 0748 


0-378 6486 
3787159 
378 7832 
378 8505 
.3789178 


409 1108 
409 1957 
409 2806 
409 3655 
409 4504 


2-444 326 
443 818 
443 313 
442 805 
442 298 


925 5405 
.935 5130 

925 4854 

925 4579 
925 433 


60 

59 
58 
57 
56 


OS 

06 

07 
08 

09 


0-374 9437 
375 "i 
375 0785 
375 1459 
375 2134 


0-404 4493 
404 5339 
404 6185 
.404 7031 
404 7878 


2-472 498 
471 981 
471 464 
470 947 
470 430 


0-927 0476 

927 0203 
926 9930 
926 9658 

926 9385 


0-378 9851 

379 S24 
379 "97 
379 "870 
3792543 


0-409 5353 
409 6203 
-409 7052 
409 7901 
409 8750 


2-441 792 
441 286 
440 779 
440 274 
439 768 


925 4028 
925 3752 
925 3476 
925 3201 
93$ 2925 


55 
54 
53 
5* 
51 


10 
IX 
12 

13 

14 


0-375 2808 
375 3482 
375 4156 
375 4830 
375 554 


0-404 8724 
404 9570 
405 0417 
405 1264 

405 21 10 


2-469 9H 
469 398 
468 882 
468 366 
467 8 S 


0-926 9112 

.926 8839 
926 8566 
926 8293 
926 8020 


o-37932i6 
379 3889 
3794562 

379 5234 
379 5907 


0-409 9600 
410 0449 
410 1299 
410 2148 
410 2998 


2-439 262 
438 757 
438 252 
437 747 
437 242 


0-925 2649 

925 2373 
-925 2097 
925 1821 
925 1545 


5 
49 
48 
47 
46 


15 

16 

17 

18 
19 


0-375 6178 
375 6852 
375 7526 
375 8200 
375 8873 


0-405 2957 
405 3804 
-405 4650 

405 5497 
405 6344 


2-467 334 
466 819 
466 304 
465 789 
465 274 


0-926 7747 
926 7474 
.926 7200 
926 6927 
926 6654 


0-379 6580 
379 7253 
379 7926 
379 8598 
379 9271 


0-410 3848 
410 4697 

41 5547 
410 6397 
410 7247 


2-436 738 
436 833 
435 7*9 
435 225 
434 721 


0-925 1269 
925 0993 
925 0717 
925 0441 
925 0164 


45 
44 
43 
4* 
4i 


20 

21 
22 
*3 
24 


0-375 9547 

376 0221 

376 0895 
376 1569 
376 2243 


0-405 7191 
405 8038 
405 8885 
405 9732 
406 0579 


2-464 760 
464 2 4S 
463 731 
463 217 
462 703 


0-926 6380 
926 6107 
926 5833 
926 5560 
926 5286 


o-379 9944 
3800616 
380 1289 
380 1962 
380 2634 


0-410 8097 
410 8947 
410 9797 
411 0647 
411 1497 


2-434 21? 
433 7H 
433 210 
432 707 
432 204 


0-924 9888 
924 9612 

924 9335 
924 9059 
924 8782 


40 
39 
38 
37 
36 


23 
26 
27 
28 
29 


0-376 2916 
.376 3590 
376 4264 
376 4938 
376 5611 


0-406 1426 
406 2273 
406 3121 
406 3968 
406 4815 


2-462 189 
461 676 
461 163 
460 649 
460 136 


0-926 5013 
926 4739 
926 4465 
926 4192 
926 3918 


0-3803307 
380 3979 
380 4652 
380 5324 
380 5997 


0-41 i 2347 
411 3197 
411 4048 
411 4898 
411 5748 


2-431 701 
431 199 
430 696 
430 194 
429 692 


0-924 8506 
924 8229 
924 7952 
924 7676 
924 7399 


35 
34 
33 
3* 
3i 


3 
31 
32 

33 
34 


0-376 6285 
376 6959 
376 7632 
376 8306 
376 8980 


0-406 5663 
406 6510 
406 7358 
406 8205 
406 9053 


2-459 624 
459 i" 
458 599 
458 086 
457 574 


0-926 3644 
926 337 
926 3096 
926 2822 
926 2548 


0-380 6669 
380 7342 
380 8014 
380 8687 
380 9359 


0-411 6599 

41 * 7449 
411 8300 
411 9151 
412 oooi 


2-429 190 
428 688 
428 1 86 
427 685 
427 184 


0-924 7122 
924 6845 
924 6568 
924 6291 
924 6014 


3 
'29 
28 

*7 
36 


35 
36 
37 
38 
39 


0-376 9653 

377 0327 
377 1000 
377 1674 
377 2347 


0-406 9900 
407 0748 
407 1596 
407 2444 
407 3291 


2-457 063 
456 551 
456 039 
455 528 
455 I7 


0-926 2274 

926 2OOO 

926 1725 
926 1451 
926 1177 


0-381 0031 
381 0704 
381 1376 
381 2048 
381 2721 


0-412 0852 
412 1703 

4122553 
412 3404 
412 4255 


2-426 683 
426 182 
425 681 
425 181 
424 680 


0-924 5737 
924 5460 
9245183 
924 49o6 
924 4629 


25 
*4 
*3 

22 
21 


40 
4i 
42 

43 

44 


0-377 32i 
377 3694 
3774368 

377 S04 1 
377 57H 


0-407 4139 
407 4987 

407 5835 
407 6683 

407 7S3i 


2-454 506 
453 995 
453 485 
452 974 
452 464 


0.926 0902 
926 0628 

926 0354 

926 0079 

925 9805 


0-381 3393 
381 4065 
381 4737 
381 541 
381 6082 


0-412 5106 

412 5957 
412 6808 
412 7659 
412 8510 


2-424 1 80 
423 680 
423 i 80 
422 681 
422 181 


0-9244351 
924 4074 
924 3797 
9243519 
924 3242 


20 
19 

18 

17 

16 


45 
46 

47 
48 
49 


0-377 6388 
.3777061 

377 7735 
377 8408 
377 9081 


0-40- 8380 
407 922!: 
408 0076 
408 0924 
408 1773 


2-451 954 
451 444 
45 935 
-450 425 
449 916 


0-925 953 
925 9255 
925 8981 
925 8706 
925 8431 


0-381 675-1 
381 742 6 
381 8098 
381 8770 
381 9443 


0-412 9362 
413 0213 
413 1064 

413 1915 
413 2767 


2-421 682 
421 183 
420 684 
420 185 
419 686 


0-924 296.1 
924 2687 
924 2409 
924213 
924 1854 


15 

IN 

i; 
12 
II 


SO 
Si 
5* 
S3 
54 


o-377 9754 
378 042? 
378 noi 
378 1774 
-378 2447 


0-408 2621 
408 3470 
408 4318 
408 5167 
408 6015 


2-449 407 
448 898 
448 389 
447 88 1 
447 37* 


0.923 8156 
925 7881 
925 7606 
925 733i 
925 7056 


0-382 0115 
382 0787 
382 1459 
382 2131 
382 2803 


0-413 3618 
413 4470 
413 532 
413 6173 
413 7025 


2-419 188 
418 690 
418 192 
417 694 
417 196 


0--924 1576 
924 129 
924 1020 
924 074 
924 046' 


IO 

09 
08 
07 

01 


55 
56 

5*7 


0-378 3121 
378 3794 
378 4467 


0-408 6864 
4087713 
408 8561 


2-446 864 
446 356 
445 848 


0-925 6781 
925 6506 
925 6231 


0-382 3475 
382 4147 
3824819 


0-413 7876 
413 8728 
413 9580 


2-416 699 

416 201 
415 704 


0-924 018 
923 990 
923 963 


05 
O, 

o; 


s 

59 


-378 5140 
378 5813 


408 9410 
409 0259 


445 340 

444 833 


925 5956 
925 5680 


382 5491 
382 6162 


414 0432 
414 1284 


415 207 
414 710 


923 935 
923 907 


01 


60 


0-378 6486 


0-409 1108 


2-444 3*6 


0-925 5405 


0-382 6834 


0-414 2136 


2-414 214 


0-923 879 


oo 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 




H 




849-846 


507-518 


276-272 


671-673 


852-849 


496-508 


279-275 


< 



C-46 



4" 31' 



4 h 30" 



1" 31' 



1 0-382 6834 
382 7506 
382 8178 
383 8850 
382 9522 

1 0-383 0193 

383 0865 
383 1537 

383 2209 
383 2880 

'383 3552 
383 4224 
383 4895 
383 5567 
383 6238 

| 0-383 6910 
383 7582 
383 8253 
383 8925 
383 9596 



I 0-384 0268 
384 0939 
384 1610 
384 2282 
384 2953 

)- 384 3625 
384 4296 
384 4967 
384 5639 
3846310 

[ 0-384 6981 
384 7652 
384 8324 
384 8995 
384 9666 

| 0-385 0337 
385 1008 
385 1679 
385 2351 
385 3022 

[ 0-385 3693 
385 4364 
385 5035 
385 5706 
385 6377 

| 0-385 7048 
385 77^9 
385 8390 
385 9060 
385 9731 





0-4142136 2-414214 

4142988 -413717 

4143840 -413221 

4144692 -412725 

4H 5544 -412229 

0-4146396 2-411 733 

4147248 -411237 

414 8roi .410 74Z 

4H 8953 . 410 247 

4H 98o6 .409 75 1 

0-4150658 2-409256 

41515*1 -408762 

415 2363 .408 267 

415 3216 .407 773 

415 4069 .407 279 

o-4i5492i 2-406784 

4i5 5774 -406 291 

415 6627 .405 797 

415 7480 .405 303 

415 8333 .404 810 



0-4159186 
416 0039 
416 0892 
416 1745 
416 2598 

0-416 3451 
416 4305 
4165158 
416 6012 
416 6865 

>'4i677i9 
416 8572 
4169426 
4170279 
417 U33 
0-417 1987 
4172841 
417 3695 
417 4548 
4'7 5402 

o- 417 6257 
4177HI 
417 7965 
4178819 
417 9673 



f 0-386 0402 
386 1073 
386 1744 
386 2415 
386 3085 



0-418 0527 
418 I3 82 
4182236 
4183091 

4l8 3945 



2-404 317 
403 824 
403 331 
402 838 
402 346 

2-401 853 
401 361 
400 869 
400 377 
399 886 

2-399 394 
398 903 
398412 
397921 
397 430 

2-396 939 
396449 
395 959 
395 469 
394 979 

393 999 
'393 5io 
393 021 
392 532 



0-418 4800 
418 5654 
418 6509 
4l8 7364 
4'8 8218 



I 0-386 3756 I 0-418 9073 
386 4427 -418 9928 
386 5098 -419 0783 
386 5768 -419 1638 

386 6439 .419 24g3 
[0-3867110 0-4193348 



COS 



cot 



2-392 043 

391 534 
391 065 
390 577 
390 089 

2-389 601 
389 113 
388 625 
388 137 
387 650 

2-387 163 
386 676 
386 189 
385 702 
385 216 

2-384 729 

tan 



0-923 8795 
923 85:7 
923 8239 
923 7960 
923 7682 

0-923 7403 
923 7125 
923 6846 
923-6567 
923 6289 

0-923 6010 
923 5731 
923 5452 
923 5X73 
9234894. 

923 4336 
923 4057 
923 3778 
923 3499 

0-923 3220 
923 2940 
923 2661 
923 2382 

923 2102 

0-923 1823 
923 1543 
923 1264 
923 0984 
923 0704 

0-923 0424 
923 0145 
922 9865 

922 9585 

922 9305 
0-922 9025 

922 8745 
922 8465 
'922 8185 
922 7905 



0-386 7! 10 

386 7780 
386 8451 

386 9121 
386 9792 

0-387 0463 
387 1133 
387 1804 
387 2474 
387 3145 

0-3873815 
387 4485 
387 5156 
387 5826 
387 6497 

0-387 7167 
387 7837 
387 8508 
387 9178 
387 9848 



0-922 7624 
922 7344 
922 7064 

922 6783 

922 6503 



0-388 0518 

388 n89 
388 1859 
388 2529 
388 3199 

0-388 3869 
388 4539 
388 5210 
388 5880 
388 6550 

0-388 7220 
388 7890 
388 8560 
388 9230 
388 9900 

0-389 0570 
389 1240 
389 1909 
389 2579 
389 3249 



S 3348 
419 4203 
419 5058 
419 59H 
419 6769 

0-419 7624 

419 8480 
4199335 
420 0190 
420 1046 

0-420 1902 
420- 2757 
-420 3613 
420 4469 
420 5324 

0-420 6180 
420 7036 
420 7892 
420 8748 
420 9604 



0-421 0460 
421 1317 
421 2173 
421 3029 
421 3885 

0-421 4742 
421 5598 
421 6455 
421 7311 
421 8168 

0-421 9024 
421 9881 
422 0738 
422 1595 
422 2452 

0-422 3308 
4224165 
422 5022 

422 5879 
422 6737 



384 243 

383 757 
383 271 
382 786 

2-382 300 
38i 815 
38: 329 
380 844 
380 360 

2'379 875 
'379 390 
378 906 

378 422 

377 938 



2-377 4S4 
376 970 
376487 
376 003 
375 520 



2-375 037 
374 554 
374 072 
373 589 
373 107 

2-372 625 
372 143 
37i 661 
371 179 
370 698 

2-370216 
369 735 
369 254 
368 773 
368 292 



0-389 3919 0-4227594 
3894589 -4228 4SI 
3895259 -4229308 



0-922 6223 
922 5942 

922 5662 
922 5381 
922 5100 

0-922 4820 

922 4539 

922 4258 

922 3977 
922 3696 

0-922 3415 

922 3134 
922 2853 
922 2572 
922 2291 



389 5928 
389 6598 

0-389 7268 
389 7938 
389 8607 
389 9277 

389 9947 

0-390 0616 
390 1286 
390 1955 
390 2625 
390 3294 

0-390 3964 
390 4633 
390 5303 
390 5972 
390 6642 



0-9222010 I 0-390 731 1 

sin 



423 0166 
423 1023 

0-423 1880 
423 2738 

423 3595 
423 4453 
423 53n 

0-423 6168 
423 7026 
423 7884 
423 8742 
423 9600 

0-424 0458 
424 1316 
424 2:74 
424 3032 
424 3890 



2-367 812 
367332 
366 851 
366371 
365 891 

2-365 412 
364 932 
364453 
363 974 
363 495 



0-424 4748 



2-363 016 
362 537 
362 059 
361 580 
361 102 

2-360 624 
360 146 
359 668 
359 191 
358713 

2-358 236 
357 759 
357 282 
356 805 
356 329 

2-355 852 



0-922 2010 
922 1728 
922 1447 

922 n66 
922 0884 

0-922 0603 
922 0321 
922 0040 
921 9758 
921 9477 

0-921 9195 J 50 
921 8913 49 
921 8632 48 
921 8350 47 
921 8068 I 46 

o-92i 7786 
921 7504 
921 7222 
921 6940 
921 6658 

o-92r 6375 
921 6093 
921 5811 
921 5529 

921 5246 
0-921 4964 

921 4681 
921 4399 
921 4116 
921 3834 

'92r 3551 
92i 3268 
921 2986 
921 2703 
921 2420 

0-921 2137 
921 
921 

921 1288 
921 1005 

0-921 0722 
921 0439 
921 0155 
920 9872 
920 9589 

0-920 9305 15 
920 9022 14 
920 8738 13 

920 8455 12 

920 8171 Ir 

0-920 7888 10 
920 7604 09 
92o 7320 08 
920 7036 07 
920 6753 I 06 

0-920 6469 
920 6185 
920 5901 
920 5617 
2o 5333 

0-920 5049 I oo 



C-47 



d 


670-668 


858-862 


476-467 


284-287 


668-667 


861-865 


467-457 


287-290 


d 




sin 


tan 


cot 


cos 


sin 


tan 


cot 


cos 




s 

00 


0-390 73H 


0-424 4748 


2-355 852 


0-920 5049 


0-394 7439 


0-429 6339 


2-327 563 


0-918 7912 


60 


OI 


390 7981 


424 5606 


355 376 


920 4764 


394 8107 


429 7201 


327 096 


918 7625 


59 


02 


390 8650 


424 6465 


354 900 


920 4480 


394 8775 


429 8062 


326 630 


.9187338. 


5 


03 


390 9319 


424 7323 


354 424 


920 4196 


394 9443 


429 8924 


326 164 


918 7051 


57 


04 


390 9989 


424 8182 


353 948 


920 3912 


395 oni 


429 9785 


325 698 


918 6763 


56 


05 


0-391 0658 


0-424 9040 


2-353 473 


0-920 3627 


0-395 >779 


0-430 0647 


2-325 232 


0-918 6476 


55 


00 


391 1327 


424 9899 


352 997 


920 3343 


395 1447 


430 1509 


324 766 


918 6189 


54 


07 


391 1997 


425 0757 


352 522 


920 3058 


395 2115 


430 2371 


324 300 


918 5901 


53 


08 


391 2666 


425 1616 


352 047 


920 2774 


395 2783 


430 3232 


323 835 


918 5614 


5* 


09 


391 333S 


425 2475 


351 572 


920 2489 


395 3451 


430 4094 


323 369 


.918 5327 


5 


10 


0-391 4004 


0-425 3333 


2-351 <>97 


0-920 2205 


0-3954II9 


0-430 4956 


2-322 904 


0-918 5039 


50 


II 


391 4674 


425 4192 


350623 


920 1920 


395 4787 


430 5818 


322 439 


918 4751 


49 


12 


391 5343 


425 5051 


350 148 


920 1635 


395 5455 


430 6680 


321 974 


-918 4464 


4 


13 


391 6012 


425 59' 


349 674 


920 1351 


395 6123 


43> 7543 


321 509 


918 4176 


47 


14 


391 6681 


425 6769 


349 200 


920 1066 


395 6791 


430 8405 


321 045 


-918 3888 


46 


15 


0-391 735 


0-425 7628 


2-348 726 


0-920 0781 


0-395 7459 


0-430 9267 


2-320 580 


0*918 3601 


45 


16 


391 8019 


425 8487 


348 252 


920 0496 


395 8127 


431 0129 


320 116 


918 3313 


44 


*7 


391 8688 


425 9346 


347 778 


920 021 1 


395 8794 


431 0992 


319652 


918 3025 


43 


18 


391 9357 


426 0205 


347 305 


919 9926 


395 9462 


431 1854 


319 188 


918 2737 


4* 


19 


392 0026 


426 1064 


346 831 


9199641 


396 0130 


431 2716 


318 724 


918 2449 


4i 


zo 


0-392 0695 


0-426 1924 


2-346 358 


0-919 9356 


0-396 0798 


o-43i 3579 


2-318 261 


0-918 2161 


40 


21 


392 1364 


426 2783 


345 885 


919 9071 


396 1465 


431 4442 


317 797 


918 1873 


39 


22 


392 2033 


426 3643 


345 412 


919 8786 


396 2133 


431 5304 


317 334 


918 1585 


38 


23 


392 2702 


426 4502 


344 940 


919 8500 


396 2801 


431 6167 


-316871 


918 1297 


37 


24 


392 337J 


426 5361 


344 467 


Qlp 8215 


396 3468 


431 7030 


316 408 


918 1009 


36 


25 


0-392 4040 


0-426 6221 


2-343 995 


0-919 7930 


0-396 4136 


0-431 7892 


2-315 945 


0-918 0720 


35 


26 


392 4709 


426 7081 


343 523 


919 7644 


396 4804 


431 8755 


315 482 


918 0432 


34 


*7 


392 5378 


426 7940 


343 051 


9i9 7359 


396 5471 


431 9618 


315 020 


918 0144 


33 


28 


392 6047 


426 8800 


342 579 


919 7073 


396 6139 


432 0481 


314557 


9i7 9855 


3* 


29 


392 6715 


426 9660 


342 107 


919 6788 


396 6807 


432 1344 


314095 


917 9567 


31 


30 


0-392 7384 


0-427 0520 


2-341 635 


0-919 6502 


0-396 7474 


0-432 2207 


2-313 633 


0-917 9278 


3 


31 


392 8053 


427 1379 


341 l6 4 


919 6217 


396 8142 


432 3070 


313 171 


917 8990 


29 


32 


392 8722 


427 2239 


340 693 


919 5931 


396 8809 


432 3933 


312 709 


917 8701 


28 


33 


392 9391 


427 3099 


340 222 


919 5645 


396 9477 


432 4796 


312 248 


917 8412 


27 


34 


393 0059 


427 3959 


339751 


919 5359 


3970144 


432 5660 


311 786 


917 8124 


26 


35 


0-393 0728 


0-4274819 


2-339 280 


0-919 5074 


0-397 0811 


0-432 6523 


2-311 325 


0-9I7 7835 


25 


36 


393 1397 


427 5680 


338 809 


919 4788 


397 H79 


432 7386 


310 864 


917 7546 


24 


37 


393 2065 


427 6540 


338 339 


919 4502 


397 2146 


432 8250 


310403 


917 7257 


23 


3 


393 2734 


427 7400 


337 869 


919 4216 


397 2814 


432 9113 


309 942 


917 6969 


22 


39 


393 3403 


427 8260 


337 399 


919 393 


397 3481 


432 9977 


309 481 


917 6680 


21 


40 


0-393 4071 


0-427 9121 


2-336 929 


0-919 3644 


0-397 4148 


0-433 0840 


2-309 021 


0-917 6391 


20 


4 


393 4740 


427 998i 


336 459 


919 3358 


397 4816 


433 1704 


308 560 


917 6102 


19 


4 


393 5408 


428 0842 


335 989 


919 3071 


397 5483 


433 2568 


308 100 


917 5812 


18 


43 


393 6 77 


428 1702 


335 520 


919 2785 


397 6150 


433 3432 


397 640 


917 5523 


i? 


44 


393 6745 


428 2563 


335 050 


919 2499 


397 6818 


433 4295 


307 i 80 


917 5234 


16 


45 


0-393 74H 


0-428 3423 


2-334 58i 


0-919 2213 


0-397 7485 


0-433 5159 


2-306 720 


0-917 4945 


15 


46 


393 8082 


428 4284 


334 112 


919 1926 


397 8152 


433 6023 


306 261 


9174656 


14 


47 


393 8751 


428 5145 


333 643 


919 1640 


397 8819 


433 6887 


305 801 


917 4366 


13 


48 


393 9419 


428 6005 


333 175 


919 1353 


397 9486 


433 7751 


305 342 


917 4077 


12 


49 


394 0087 


428 6866 


332 7<>6 


919 1067 


398 0153 


433 8615 


304 883 


917 3788 


II 


5 


0-394 7S6 


0-428 7727 


2-332 238 


0-919 0780 


0-398 0821 


0-433 9479 


2-304 424 


0-917 3498 


IO 


Si 


394 H24 


428 8588 


331 770 


919 0494 


398 1488 


434 0344 


303 965 


917 3209 


09 


52 


394 2093 


428 9449 


331 302 


919 0207 


398 2155 


434 1208 


303 506 


917 2919 


08 


53 


394 2761 


429 0310 


330 834 


918 9920 


398 2822 


434 2072 


303 048 


917 2629 


07 


54 


394 3429 


429 1171 


330 366 


918 9634 


398 3489 


434 2936 


302 590 


917 2340 


06 


55 


0-394 4>97 


0-429 2032 


2-329 899 


0-918 9347 


0-398 4156 


0-434 3801 


2-302 131 


0-917 2050 


05 


56 


394 4766 


429 2894 


329431 


918 9060 


398 4823 


434 4665 


301 673 


917 1760 


04 


57 


394 5434 


429 3755 


328 964 


918 8773 


398 5490 


434 5530 


301 215 


917 1470 


03 


58 


394 6102 


429 4616 


328 497 


918 8486 


398 6157 


434 6394 


300 758 


917 1181 


O2 


59 


394 6770 


429 5478 


328 030 


918 8199 


398 6824 


434 7259 


300 300 


917 0891 


OI 


60 


0-394 7439 


0-429 6339 


2-327 563 


0-918 7912 


0-398 7491 


0-434 8124 


2-299 843 


0-917 0601 


oo 

s 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 




d 


668-670 


862-858 


467-476 


287-284 


667-668 


865-861 


457-467 


290-287 


d 



C-48 



4" 27" 



4" 26-" 





sin 


tan 


cot 


cos 


sin 


tan 


cot 


cos 




s 

00 


0-398 7491 


0-434 8124 


2-299 843 


0-917 0601 


0-402 7467 


0-440 0105 


2-272 673 


915 3115 


60 


ox 


398 8158 


434 8988 


299 385 


9170311 


402 8133 


440 0973 


272 225 


915 2822 


9 


02 


398 8824 


434 9853 


298 928 


917 0021 


402 8798 


440 1841 


271 777 


915 2529 


g 


03 


398 9491 


435 0718 


298 471 


9i6973t 


402 9464 


440 2710 


271 329 


915 2236 


7 


04 


399 0158 


435 1583 


298 014 


916 9440 


403 0129 


440 3578 


270 881 


915 1943 


6 


05 


0-399 0825 


0-435 2448 


2-297 558 


0-916 9150 


0.403 0795 


0-440 4446 


2-270 433 


915 1650 


5 


06 


399 1492 


435 3313 


297 ioi 


916 8860 


403 1460 


4405314 


269 986 


915 1357 


54 


07 


399 2159 


435 4178 


296 645 


916 8570 


403 2126 


440 6183 


269 538 


915 1063 


3 


08 


399 2815 


435 5043 


296 188 


916 8279 


403 2791 


440 7051 


269 091 


915 0770 


2 


09 


399 3492 


435 59o8 


295 732 


916 7989 


403 3457 


440 7920 


268 644 


9150477 


X 


zo 


0-3994159 


0-435 6774 


2-295 276 


0-916 7699 


0-403 4122 


0-440 8788 


2-268 197 


915 0184 


5 


IX 


399 4825 


435 7639 


294 821 


916 7408 


403 4788 


440 9657 


267 750 


914 9890 


49 


12 


399 5492 


435 8504 


294 365 


916 7118 


403 5453 


441 0526 


267 304 


9H 9597 


48 


13 


399 6159 


435 9370 


293 910 


916 6827 


403 6118 


441 1394 


266 857 


9H 9303 


47 


14 


399 6825 


436 0235 


293 454 


916 6536 


403 6784 


441 2263 


266 411 


914 9010 


46 


IS 


0-399 7492 


0-436 1 101 


2-292 999 


0-916 6246 


0-403 7449 


0-441 3132 


2-265 964 


914 8716 


45 


16 


399 8158 


436 1066 


292 544 


9i6 5955 


403 8114 


441 4001 


265 518 


914 8422 


44 


17 


399 8825 


436 2832 


292 089 


916 5664 


403 8780 


441 4870 


265 073 


914 8129 


43 


18 


399 9492 


436 3697 


291 635 


916 5373 


403 9445 


441 5739 


264 627 


914 7835 


42 


9 


400 0158 


436 4563 


291 180 


916 5082 


404 ono 


441 6608 


264 181 


9H754I 


4 


20 


0-400 0825 


0-436 5429 


2-290 726 


0-9164791 


0-404 0775 


o-44i 7477 


2-263 736 


914 7247 


4<> 


21 


400 1491 


436 6295 


290 271 


916 4501 


404 1440 


441 8346 


263 290 


914 6954 


39 


22 


400 2157 


436 7161 


289817 


916 4209 


404 2106 


441 9215 


262 845 


914 6660 


38 


33 


400 2824 


436 8027 


289 363 


916 3918 


404 2771 


442 0084 


262 400 


914 6366 


37 


34 


400 3490 


436 8893 


288 910 


916 3627 


404 3436 


442 0954 


261 955 


914 6072 


3 


25 


0-400 4157 


0-436 9759 


2-288 456 


0-916 3336 


0-404 4101 


0-442 1823 


2-261 511 


914 5778 


35 


26 


400 4823 


437 0625 


288 002 


916 3045 


-404 4766 


442 2693 


261 066 


914 5483 


34 


27 


400 5489 


437 H9i 


287 549 


916 2754 


404 5431 


442 3562 


260 622 


9145189 


33 


28 


400 6156 


437 2357 


287 096 


916 2462 


404 6096 


442 4432 


260 177 


9144895 


33 


29 


400 6822 


437 3223 


286 643 


916 2171 


404 6761 


442 5301 


259 733 


914 4601 


3i 


3 


0-400 7488 


0-437 4090 


2-286 190 


0-916 1880 


0-404 7426 


0-442 6171 


2-259 289 


0-914 4306 


30 


ti 


400 8155 


437 4956 


285 737 


916 1588 


404 8091 


442 7041 


258 845 


914 4012 


29 


3* 


400 8821 


437 5823 


285 285 


916 1297 


404 8756 


-442 7910 


258 402 


9i437i8 


28 


33 


400 9487 


437 6689 


284 832 


916 1005 


404 9421 


442 8780 


257 958 


914 3423 


37 


34 


4i oi53 


437 7556 


284 380 


916 0713 


405 0086 


442 9650 


257515 


9143129 


36 


35 


0-401 0819 


0-437 8422 


2-283 928 


0916 0422 


0-405 0751 


0-443 0520 


2-257 071 


0-914 2834 


*5 


36 


401 1486 


437 9289 


283 476 


916 0130 


405 1416 


443 J39 


256 628 


914 2540 


34 


37 


401 2152 


438 0156 


283 024 


915 9838 


405 2081 


443 2260 


256 185 


914 2245 


33 


38 


401 2818 


438 1022 


282 572 


915 9547 


405 2746 


443 3130 


255 742 


914 1950 


34 


39 


401 3484 


438 1889 


282 121 


915 9255 


405 3410 


4434000 


255 300 


914 1655 


21 


40 


0-401 4150 


0-438 2756 


2-281 669 


0-915 8963 


0-405 4075 


0-443 4 8 7' 


2-254 857 


0-914 1361 


20 


41 


401 4816 


438 3623 


281 218 


915 8671 


405 4740 


443 5741 


254 415 


914 1066 


19 


42 


401 5482 


438 4490 


280 767 


915 8379 


45 545 


4436611 


253 973 


9140771 


18 


43 


401 6148 


438 5357 


280 316 


915 8087 


405 6069 


443 7482 


253 530 


-9140476 


*7 


44 


401 6814 


438 6224 


279 865 


915 7795 


405 6734 


443 8352 


253 089 


914 0181 


16 


45 


0-401 7480 


0-438 7091 


2-279415 


0-9I5 7503 


0-405 7399 


0-443 9223 


2-252 647 


0-913 9886 


15 


46 


401 8146 


438 7959 


278 964 


915 7210 


405 8063 


4440093 


252 205 


9i3959i 


4 


t v 
47 


401 8812 


438 8826 


278 514 


915 6918 


405 8728 


444 0964 


251 763 


-913 9296 


3 


48 


401 9478 


438 9693 


278 064 


915 6626 


45 9393 


444 1834 


251 322 


-913 900 


12 


49 


402 0144 


439 0560 


277614 


915 6334 


406 0057 


444 2705 


250 881 


913 8705 


II 


5 


0-402 0810 


0-439 1428 


2-277 164 


0-915 6041 


0-406 0722 


0-444 3576 


2-250 440 


0-913 8410 


10 


5i 
52 


402 1475 
402 2141 


439 2295 
439 3163 


276714 
276 264 


9t5 5749 
9iS 5456 


406 1386 
406 205 i 


4444447 
44453i8 


249 999 
249 558 


913 811 
913 7819 


09 
08 


53 
54 


402 2807 
402 3473 


439 4031 
439 4898 


275 815 
275 366 


915 5164 
9154871 


406 2715 
406 3380 


444 6189 
444 7060 


249 117 
248 67 


913 752; 
913 722 


07 
06 


55 
56 
57 
58 
59 


0-402 4138 
402 4804 
402 547= 
402 6136 
402 6801 


Q-439 5766 
439 6634 

439 75 2 
439 836? 
439 9237 


2-274 9 10 
274 467 
274 019 
273 570 

273 121 


0-9IS 4579 
915 4286 

915 3993 
915 3700 
915 3408 


0-406 4044 
406 4709 
-406 5373 
406 6038 
406 6702 


0-444 7931 
444 8802 
444 9673 
445 0544 
445 Hi* 


2-248 23 
247 79 
247 35 
246 91 
246 47 


0-913 693 
913 663 
9i3 634 
913 604 
913 575 


05 
04 
03 
02 
OI 


60 


0-402 746; 


0-440 Oioe 


2-272 673 


0-915 3H5 


0-406 7366 


0-445 2285 


2-246 03 


0-913 545 


00 

S 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sm 




H 


665-667 


868-864 


448-458 


293-290 


664-666 


872-868 


439-448 


296-293 


d 



4 h 25' 



4" 24' 



C-49 



TM 5-442 



1" 3T 



sin 



871-875 
tan 



; 0-406 7366 
406 8031 
406 8695 

406 9359 
407 0024 

| 0-407 0688 
47 1352 
407 2016 
407 2681 
407 3345 

[ 0-407 4009 
.407 4673 
47 5337 
407 6001 
407 6665 

0-407 7329 
47 7993 
407 8657 
407 9321 
-407 9985 



0-445 2287 
445 3158 
445 4030 
445 490i 
445 5773 

0-445 6644 
445 75 l6 
445 8388 
445 92 
.446 0132 

0-446 1003 
446 1875 
.446 2747 
446 3620 
446 4492 

0-446 5364 
.446 6236 
446 7108 
-446 7981 
-446 8853 



cot 

2-246 037 
245 597 
245 158 
244719 
244 280 

2-243 841 
243 42 
242 963 
242 525 
242 086 

2-241 648 

24! 2IO 
240 772 

240 334 
239 897 

2-239 459 
239 022 
238 585 
238 147 

2377" 



I 0-408 0649 
408 1313 
408 IQ77 
408 2641 
408 3305 

| 0-408 3968 
408 4632 
408 3296 
408 596 
408 6623 

.30 0-4087287 
31 -4087951 
-408 8615 
408 9278 
-408 9942 

I 0-409 0605 
409 1269 
409 1933 
409 2596 
409 3260 



0-446 9726 

447 0598 
447 147 * 
447 2343 
447 32i6 

0-447 4089 
447 4962 
447 5835 
447 6708 
447 758i 

0-447 8454 
447 9327 

448 02OO 

448 1073 
448 1946 

0-448 2820 
.448 3693 
448 4567 
448 5440 
448 6314 



2-237 274 
236 837 
-236 401 
235 964 
235 528 



296-299 

-. 

COS 

0-913 5455 
913 5159 
913 4863 
-9*3 45 6 7 
913 4271 

0-913 3975 
913 3679 
9^3 3383 
913 3087 
913 2791 

0-913 2494 
.913 2198 
913 I9 2 
913 1605 
913 '39 

0-913 1012 
.913 0716 
913 4 1 9 
.913 0123 
912 9826 

0-912 9529 
[ -9129232 
912 8936 
912 8639 
912 8342 



0-410 7189 

410 7852 
4108515 
-410 9178 
410 9841 

0-411 0504 
411 1166 
411 1829 
411 249* 
411 3155 

0-411 3818 
411 4481 
411 5^44 
411 5806 
411 6469 



0-450 4672 
45 5546 
450 6421 
450 7296 
450 8171 

0-450 9046 
.450 9921 
451 0796 
.451 1672 
451 2547 

0-451 3422 
451 4298 
451 5173 
451 6049 
.451 6924 



0-409 3923 
49 4587 
49 525 
409 59H 
409 6577 

| 0-409 7240 
409 7904 
409 8567 
.409 9230 
.409 9894 

| 0-4100557 

410 1220 
410 1883 
410 2547 
410 3210 



I 0-410 3873 
4104536 
410 5199 
410 5862 
4106525 

j 0-410 7189 
COS 



0-448 7187 
448 8061 
448 8935 
.448 9808 

449 0682 

0-449 1556 
449 2430 
449 334 
-449 4^8 
449 5052 

0-449 5927 
449 6801 
449 7675 
449 8549 
449 9424 

0-450 0298 
450 1173 
450 2047 
450 2922 
450 3797 



2-235 092 
234 656 

234 220 

233 785 

233 349 

2-232 9'4 
232 478 
232 043 
231 608 
231 174 

2-230 739 
230 304 
229 870 
229 436 

229 002 
2-228 568 

228 134 

227 7 
227 267 
226833 



0-912 8045 
912 774 s 
912 745 1 
912 7154 
912 6856 

0-9126559 
912 6262 
912 5965 
912 5667 
9'2 537 

0'9i2 5072 
912 4775 
912 4477 
.912 4180 
-912 3882 

0-912 3584 
912 3287 
912 2989 
912 2691 
912 2393 



0-450 4 6 72 



2-226 400 
225 967 

225 534 
225 ioi 
224 668 

2-224 236 
223 803 
223 37i 

222 939 
222 5O7 

2-222 075 
221 643 
221 212 
220 780 

220 349 
2-219 918 



0-912 2095 
.912 1797 
912 1499 

QI2 1201 
912 O9O3 

O-QI2 0605 
912 0307 
912 OOO8 
911 9710 

911 94 12 



0-411 7'3* 
4" 7795 
411 8457 
411 9120 
411 9783 

0-412 0445 
412 1108 
412 1770 
412 2433 
412 3096 

0-412 3758 
412 4421 
412 5083 
412 5745 
412 6408 

0-412 7070 
412 7733 
412 8395 
412 9057 
412 972 

0-413 0382 
413 i44 
-413 no? 
413 2369 
413 303 1 

0-413 3693 
413 4355 
.413 5018 
.413 5680 
413 6342 

0-413 74 
413 7666 
.413 8328 
413 8990 
413 9652 

0-414 0314 
414 0976 
414 1638 
414 2300 
414 2962 



0-451 78oo 
451 8676 
451 9551 
452 0427 

452 *33 

0-452 2179 
452 3055 
452 3931 
452 4807 
.-452 5683 



2-219 9*8 
219 487 
219 056 
218 625 
218 194 

2-217 764 
217 334 
216 903 
216 473 
216 043 

2-215 614 
215 184 
214754 
214 325 
213 896 

2-213 467 
213 038 
212 609 

212 l8o 
211 752 

2-211 323 
210895 
210 467 
210039 

209 611 



0-9II 7620 
911 7322 
911 7023 
-gil 6724] 
911 6425 

O-9II 6126 
911 5827 
911 5528 
911 5229 
911 493 

| O-QI I 4631 

911 4332 
911 4033 
911 3733 
9" 3434 

0-911 3135 
911 2835 
911 2536 
911 2236 
911 1937 

0-911 1637 
911 1337 
911 1038 
911 0738 
911 0438 



0-452 6559 
452 7435 
.452 8312 
4529188 
453 0065 

Q-453 94i 
453 1818 
453 2694 
453 3571 
453 4448 



0-453 53M 
453 6201 
453 7078 
453 7955 
453 8832 

0-453 979 
454 0586 
454 H63 
454 234i 
454 32i8 

0-454 4<>95 
454 4973 
454 585 
454 6728 
454 76oS 

0-454 8483 
454 ( >36 1 
455 0238 
455 i" 6 
455 1994 



2-209 184 
208 756 
208 329 
207 901 
207 474 

2-207 047 
206 620 
206 193 
205 767 
205 340 

2-204 9*4 
204 488 
204 062 
203 636 
203 210 

2-202 784 

202 359 
201 933 

201 508 
201 083 



0-911 0138 
910 9838 

9* 9538 
910 9238 
gio 8938 

0-910 8638 
910 8338 
910 8038 
910 7738 
9107437 

0-910 7137 
gio 6837 
910 6536 
910 6236 
910 5935 

0-910 5635 
910 5334 
910 5033 
910 4733 
910 4432 



0-911 9U3 
911 8815 
911 8516 
911 8218 
911 79*9 

0-911 7620 



0-414 3623 
414 4285 
414 4947 
.414 5609 
4146271 



0-455 2872 
455 3750 
455 4628 
455 55o6 
455 6384 

0-455 7263 



2-200 658 
200 233 
199 809 
199 384 
198 960 

2-198 535 
198 in 
197 687 
197 263 
196 839 

2-196 416 
195 992 
195 569 
195 H6 
194723 

2-194 300 

tan 



0-910 4131 
910 3830 
910 3529 
.910 3228 
giO 2927 

0-9IO 2626 
9IO 2325 
910 2024 
910 1723 
9IO 1421 

O-9IO II2O 
910 0819 
910 0517 
9IO O2l6 
909 9914 

0-9O9 96l3 

sin 
302-298 



f h 38" 



1" 39" 



TM 5-442 



d 


662-660 


878-882 


423-415 


301-305 


661-659 


882-886 


415-407 


304-308 


d 




sin 


tan 


cot 


cos 


sin 


tan 


cot 


cos 




s 
oo 


414 6932 


455 7263 


2-194 300 


969 9613 


0-418 6597 


461 0063 


2-169 168 


908 1432 


60 


ox 


414 7594 


455 8141 


193 877 


909 9311 


418 7258 


461 0945 


168753 


908 1127 


59 


02 


414 8256 


455 9019 


193 454 


909 9009 


418 7918 


461 1827 


168338 


908 0823 


58 


03 


414 8918 


455 9898 


193 032 


909 8708 


4 i8 8579 


461 2709 


167 924 


908 0518 


57 


04 


414 9579 


456 0776 


192 609 


909 8406 


418 9239 


461 3591 


167 509 


908 0-314 


56 


OS 


415 0241 


456 1655 


2-192 187 


909 8104 


0-418 9899 


461 4473 


2-167 095 


0-907 9909 


55 


06 


415 0902 


456 2533 


191 765 


909 7802 


419 0559 


461 5355 


166681 


907 9604 


54 


07 


415 1564 


456 3412 


191 343 


909 7501 


419 I22O 


461 6237 


166 267 


907 9299 


53 


Og 


415 2226 


456 4290 


190 921 


909 7199 


419 l88o 


461 7119 


165 853 


907 8995 


52 


09 


415 2887 


4565169 


190499 


909 6897 


419 2540 


461' 8002 


165 439 


907 8690 


5* 


10 


0-4I5 3549 


456 6048 


2-190 078 


909 6595 


0-419 3200 


461 8884 


2-165 025 


0-907 8385 


50 


XX 


415 4210 


456 6927 


189 656 


909 6292 


419 3861 


461 9766 


164 612 


907 8080 


49 


12 


415 4872 


456 7806 


189 235 


909 5990 


419 4521 


462 0649 


164 198 


-907 7775 


48 


*3 


415 5533 


456 8685 


188 814 


909 5688 


419 5181 


462 1531 


163785 


907 7470 


47 


*4 


415 6195 


456 9564 


188393 


909 5386 


419 5841 


462 2414 


163 372 


907 7165 


46 


15 


0-415 6856 


0-457 0443 


2-187 972 


0-909 5084 


0-419 6501 


462 3296 


2-162 959 


0-907 6859 


45 


16 


415 7517 


457 1322 


187551 


9094781 


419 7l6l 


462 4179 


162 546 


907 6554 


44 


17 


415 8179 


457 2201 


187 130 


909 4479 


419 7821 


462 5062 


162 133 


907 6249 


43 


18 


415 8840 


457 3081 


186 710 


909 4177 


419 8481 


4 6 2 5945 


161 721 


907 5944 


42 


19 


415 9502 


457 396o 


186289 


909 3874 


419 9141 


462 6828 


161 308 


907 5638 


4i 


20 


0-416 0163 


0-457 4839 


2-185 869 


0-909 3572 


0-419 9801 


0-462 7710 


2-160 896 


0-907 5333 


40 


21 


416 0824 


457 57^9 


185 449 


909 3269 


420 0461 


462 8593 


i 60 484 


907 5028 


39 


22 


416 1485 


457 6598 


185 029 


909 2966 


420 1 1 21 


462 9477 


160 071 


907 4722 


38 


23 


416 2147 


457 74?8 


1 84 609 


909 2664 


420 I78l 


463 0360 


159059 


907 4417 


37 


24 


416 2808 


457 8357 


184 189 


909 2361 


420 2441 


463 1243 


159248 


907 4111 


36 


25 


0-416 3469 


0-457 9237 


2-183 77 


0-909 2058 


O-42O 31OI 


0-463 2126 


2-158836 


0-907 3805 


35 


26 


4164130 


458 0117 


183 350 


909 1756 


420 376l 


463 3009 


158424 


907 3500 


34 


27 


416 4791 


458 0997 


182 931 


909 1453 


420 4421 


463 3893 


158 013 


907 3194 


33 


28 


416 5453 


458 1877 


182 512 


909 1150 


420 5080 


463 4776 


157 602 


907 2888 


32 


29 


416 6114 


458 2756 


182 093 


909 0847 


420 5740 


463 5660 


157 190 


907 2582 


3i 


3 


0-416 6775 


0-458 3636 


2-181 674 


0-909 0544 


O-42O 6400 


0-463 6543 


2-156779 


0-907 2276 


3 


3i 


416 7436 


458 4516 


181 255 


909 0241 


420 7060 


463 7427 


156 368 


907 1970 


29 


3* 


416 8097 


458 5397 


180 836 


908 9938 


420 7719 


463 8310 


I559S8 


907 1665 


28 


33 


416 8758 


458 6277 


180418 


908 9635 


420 8379 


463 9194 


155 547 


907 1358 


27 


34 


416 9419 


458 7^57 


180 ooo 


908 9331 


4 20 9039 


464 0078 


155 136 


907 1052 


26 


35 


0-417 0080 


0-458 8037 


2-179 581 


0-908 9028 


0-420 9699 


0-464 0962 


2-154726 


0-907 0746 


*5 


36 


417 0741 


458 8918 


179 163 


908 8725 


4*1 35* 


-464 1845 


I543i6 


907 0440 


24 


37 


417 1402 


458 979$ 


'78 745 


908 8422 


421 1018 


464 2729 


153 90S 


907 0134 


*3 


3 


417 2063 


459 0678 


-178 327 


908 8118 


421 1677 


464 3613 


153495 


906 9828 


22 


39 


417 2724 


459 J559 


177 910 


908 7815 


421 2337 


464 4497 


153 085 


906 9521 


21 


40 


0-417 3385 


0-459 2439 


2-177 492 


0-908 7511 


0-421 2996 


0-464 5382 


2-152 676 


0-906 9215 


2O 


4 


417 4045 


459 3320 


177 074 


908 7208 


421 3656 


464 6266 


152 266 


906 8909 


19 


42 


417 4706 


459 4201 


176 657 


908 6904 


421 4315 


4647150 


151 857 


906 8602 


18 


43 


417 5367 


459 5082 


176 240 


908 6601 


421 4975 


-464 8034 


151 447 


906 8296 


17 


44 


417 602 


459 5962 


175 823 


908 6297 


421 5634 


464 8919 


151 038 


906 7989 


16 


45 


0-417 6689 


0-459 684; 


2-175 46 


0-908 5993 


0-421 629, 


0-464 9803 


2-150 629 


0-906 7683 


IS 


46 


417 734 


459 7724 


174989 


908 5689 


421 6 953 


465 0688 


I 50 220 


906 7376 


14 


47 


417 3oi 


459 860 


174 572 


908 5386 


421 7613 


465 1572 


149 8l I 


906 7069 


13 


48 


417 867 


459 9486 


174 156 


908 5082 


421 8272 


465 2457 


149 402 


906 6762 


12 


49 


47 933 


460 036 


173 740 


908 4778 


421 893 


465 334 


148993 


906 6456 


IX 


5 


0-417 999 


0-460 124 


2-173 323 


0-908 4474 


0-421 959 


0-465 422 


2-148 585 


0-906 6149 


ID 


5i 


418 065; 


460 213 


172 907 


908 4170 


422 0250 


465 511 


-I 4 8 177 


906 5842 


09 


52 


418 131 


460 301 


172491 


908 3866 


422 0909 


465 599 


147768 


906 5535 


08 


53 


418 197 


460 389 


172 075 


908 3562 


422 156 


465 688 


147 360 


906 5228 


07 


54 


418 263. 


460 477 


171 659 


908 3258 


422 222 


465 776 


146 952 


906 4921 


06 


55 


0-418 329 


0-460 565 


2-171 24< 


0-908 2953 


0-422 288 


0-465 865 


2-146 544 


0-906 4614 


OS 


56 


418 395 


460 653 


170 82? 


908 2649 


422 354 


465 953 


146 137 


906 4307 


04 


57 


418 461 


460 741 


170413 


908 2345 


422 420 


466 042 


145 729 


906 4000 


03 


58 


4'8 527 


460 8300 


169 99? 


908 2041 


422 486 


466 130 


145 322 


906 3692 


02 


59 


4'8 593 


460 918 


169 583 


908 1736 


422 552 


466 219 


144914 


906 3385 


01 


60 


0-418 659 


0-461 006; 


2-169 i61 


0-908 1432 


0-422 618; 


0-4.66 307 


2-144507 


0-906 3078 


oo 

s 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 




d 


660-662 


882-878 


4 1 5-423 


305-301 


659-661 


886-882 


407-415 


308-304 


d 



4 h 21' 



4" 20' 



C-51 



00 

ox 

oa 
03 
04 



659^657 

sin 



0-422 6183 
422 6842 
422 7501 
422 8160 
422 8819 

05 0-422-9478 

06 -423 
07 

08 

09 

10 

II 

IS 

13 



885-889 

tan. 



17 



423 0796 
423 1455 

423 2113 

0-423 2772 
423 343 i 
423 4090 
4 2 3 4749 
423 548 



23 
23 

24 

25 

26 

27 
28 
29 

30 

32 
33 

34 

35 

36 

37 

38 

39 
40 
41 
42 
43 
44 

45 
46 

I 47 
48 
49 
50 



0-423 6066 
423 6725 
423 7384 
423 8043 
423 8701 

0-423 93 6 
424 0018 
424 0677 
424 I33 6 
424 1994 

0-424 2653 
424 33" 
424 397 
424 4628 
424 5287 

0-424 5945 
424 6604 
424 7262 
424 7920 
424 8579 

0-424 9237 
424 9895 
425 0553 

425 1212 

425 1870 



0-466 3077 
466 3962 
466 4847 

466 5733 
466 6618 

0-466 7504 
466 8390 
-466 9275 
467 0161 
467 1047 

0-467 1933 
467 2819 
467 3705 
467 459' 
467 5477 

0-467 6364 
467 7250 
467 8136 
467 9023 
-467 9909 

0-468 0796 
468 1682 
468 2569 
468 3456 
468 4342 

0-468 5229 
.468 6116 
468 7003 
468 7890 
468 8777 



0-468 9664 
4690551 
469 1439 
469 2326 
469 3213 



407-400 

cot 

2-144 57 
144 ioo 

143 693 
143286 
142 879 

2-142 473 

142 066 
141 660 

141 254 
140 848 

2-140 442 

140 036 
139 63 
139 224 
-138819 

2-138 414 

138 009 
-137 603 
137 198 
136 794 

2-136 389 
135 984 
135 580 
135 176 
I3477I 

2-134 367 
133 9 6 3 
133 S^o 
133 156 
132 752 

132 349 
-131 946 
-131 542 
131 139 
130736 



0-906 3078 
' -906 2771 
906 2463 
906 2156 
906 1848 

0-906 1541 
.906 1233 
906 0925 
906 0618 
906 0310 

0-906 0002 
905 9 6 94 
905 9386 
.905 9078 
.905 8770 

0-905 8462 
-905 8154 
905 7846 
905 7538 
905 7230 

0-905 6922 
905 6613 
905 6305 
905 5996 
905 5688 

0-905 5379 
905 57i 
905 4762 
95 4454 
95 4'45 

0-905 3836 
95 3527 
905 3219 
.905 2910 
905 2601 



52 
S3 

54 

55 
57 

59 
60 



0-425 2528 
425 3186 
425 3844 
425 4503 

425 5161 

0-425 5819 
425 6477 
425 7135 
425 7793 
-.425 8451 

0-425 <;ioc; 
425 9767 
426 0425 
426 1083 
426 1741 



0-469 4101 
469 4988 
.469 5876 
469 6763 
-469 7651 

0-469 8539 
-469 94 Z 7 
47 03H 
470 1 202 
470 2090 

0-470 2978 
470 3866 
47 475 5 
470 5643 
.4706531 

0-470 7419 
470 8308 
470 9";6 
-471 0085 
471 973 



0-426 2398 
426 3056 
426 3714 
426 4372 
426 5030 

0-426 5687 
COS 



d 657-659 



0-471 1862 

471 2751 
471 3640 
.471 4528 
471 5417 

0-471 6306 



cot 



2-I30334 
129 93' 
-129 528 
129 126 
128 723 

2-128 321 
127 919 
127 517 
127 115 
126 714 

2-126 312 
125 9" 
125 509 
125 108 
124 707 

2-124 306 
123 905 
123 505 
123 104 

122 704 

2-122 303 
121 903 
121 503 
121 103 
120 703 

2'120 303 

tan 



889-893 I 400-392 



sm 

0-426 5687 
426 6345 
426 7003 
426 7661 
4268318 

0-426 8976 
426 9633 
.427 0291 
427 0949 
427 1606 

| 0-427 2264 
427 2921 

427 3579 
427 4236 
427 4894 

0-427 5551 
427 6208 
.427 6866 

427 7523 
427 8180 



0-427 
427 9495 
428 0152 
-428 0809 
428 1467 

0-428 2124 
-428 2781 
428 3438 
428 4095 
428 4752 



tan 

0-471 6306 

471 7195 
.471 8084 
471 8973 
471 9863 

0-472 0752 
472 1641 
472 2531 
-472 3420 
472 4309 

0-472 5199 
472 6089 
472 6978 
-472 7868 
472 8758 

0-472 9648 

473 0538 
473 1428 
473 2318 
473 32o8 

0-473 4 98 
473 4988 
473 5879 
473 6769 
473 7659 

0-473 8550 
473 944 
474 33i 
474 1222 

4742112 



889-885 

nrtmauu 

4" 



0-905 2292 

.905 1983 
905 1674 
905 1364 
905 1055 

0-905 0746 
90S 437 
.905 0127 
904 9818 
904 9509 

0-904 9199 
904 8890 
904 8580 
904 8271 
904 7961 

0-904 7651 
-904 7341 
.904 7032 
904 6722 
904 6412 

0-904 6102 
-904 5792 
-904 5482 
904 5172 
904 4862 



400-407 



0-428 5409 
428 6066 
428 6723 
428 7380 
428 8037 

0-428 8694 
4289351 
429 0008 
429 66s 
429 1322 

0-429 1979 
429 2636 
429 3292 
429 3949 
429 4606 

0-429 5263 
429 59^9 
429 6576 
429 7233 
429 7889 

0-429 8546 
429 9203 
429 9859 
430 0516 
430 1172 

0-430 1829 
430 2485 
-430 3142 
-430 3798 
43 4455 



0-474 3003 

474 3894 
474 4785 
474 5676 
474 6567 

0-474 7458 
474 8349 
474 924 
475 0132 
475 1023 



cot 

2-120 303 
119 904 
119 504 
119 105 

118 706 

2-118 307 
117 908 
117 509 

117 no 
116 711 

2-116 3U 
US 915 
115 5i6 
115 118 

.-114 720 

2-114 322 
113 925 
113 527 
113 "29 

112 732 

2-112 335 
III 938 
ill 54* 
in 144 
i 10 747 

2-no 350 
109 954 
109 557 
109 161 
108 765 

2-108 369 
107 973 
107 577 
107 181 



COS 

0-9044551 
.904 4241 
904 3931 

904 3621 

904 3310 

0-904 3000 
904 2689 
904 2379 

904 2068 

.904 1758 

0-904 1447 
904 1136 
.904 0825 
.9040515 

904 0204 

0-903 9893 
903 9582 
903 9271 
903 8960 

.903 8649 

0-903 8338 
903 8027 
903 7715 
.903 7404 
903 7093 

0-903 6781 
903 6470 
903 6158 
903 5847 

903 5535 

0-903 5224 
903 4912 
903 4600 
903 4289 
903 3977 



60 
59 
58 

57 



55 
54 
53 
5* 

5 
49 
48 
47 
46 

45 
44 
43 
42 

40 
39 
38 
37 
36 

35 
34 
33 

32 

30 

28 

27 
26 



0-9044551 0-430 51" 



0-475 1914 
475 2806 

475 3697 
475 4589 
475 548i 

0-475 6372 
475 7204 
475 8156 
475 9048 
475 994 

0-476 0832 
476 1724 
476 2616 
476 35o8 
476 4400 

0-476 5293 
476 6185 
-476 7078 
.476 7970 
476 8863 

0-476 9755 



sm 



cos 



2-106 390 
105 995 
105 600 
105 205 
104 810 

2-104 415 
104 020 
103 626 
103 231 

102 837 

2-102 443 

1 02 049 

loi 655 
ioi 261 
ioo 867 

2-100 473 
ioo 080 
099 686 
099 293 
098 900 

2-098 507 
098 114 
097 721 
097 329 
096 936 

2-096 544 



0-903 3665 
93 3353 
903 3041 
903 2729 
903 2417 

0-903 2105 
903 1793 
903 1480 
903 1168 
903 0856 

0-903 0544 
903 0231 
902 9919 
902 9606 
902 9294 

0-902 8981 
902 8669 
902 8356 
902 8043 
-902 7730 

0-902 7418 
902 7105 
902 6792 
902 6479 
902 6166 

0-902 5853 



25 
24 
23 

22 
21 

20 
19 

18 

17 

16 

15 
14 
13 

12 



09 
08 

07 
06 

05 
04 
03 

02 
01 



cot 



tan 



sm 



311-307 656-658 I 893-889 I 392-400 

4 h 18" 



313-310 



TM 5-442 



1 h 42" 



43 r 



d 


657-655 


892-897 


393-385 


313-316 


655-653 


596-900 


386-378 


316-319 


d 


sin 


tan 


cot 


cos 


sin 


tan 


cot 


cos 




s 
oo 


4305111 


476 9755 


2-096 544 


0-902 5853 


0-434 4453 


482 3427 


073 215 


900 6982 


60 


OI 


430 5767 


477 0648 


096 151 


902 5540 


434 5108 


482 4324 


072 829 


900 6666 


59 

o 


02 


430 6424 


477 1541 


95 759 


902 5227 


434 5763 


482 5220 


072444 


900 6350 


58 


03 


430 7080 


477 2434 


095 367 


902 4913 


4346417 


482 6117 


072 059 


goo 6034 


57 


04 


430 7736 


477 3326 


094 975 


902 4600 


434 7072 


482 7014 


071 674 


900 57 l8 


56 


05 


430 8393 


477 4219 


2-094 583 


0-902 4287 


0-434 7727 


482 7910 


071 290 


900 5402 


55 


06 


430 9049 


477 5112 


094 192 


902 3974 


434 8382 


482 8807 


070 905 


900 5086 


54 


07 


430 9705 


477 6006 


093 800 


902 3660 


434 9037 


482 9704 


070 520 


900 477 


53 


08 


431 0361 


477 6899 


093 408 


902 3347 


434 9692 


483 0601 


070 136 


900 4453 


52 


09 


43i 1017 


477 7792 


093 017 


902 3033 


435 0347 


483 i 49 8 


069 752 


.900 4^37 


5i 


IO 


431 1674 


477 8685 


2-092 626 


0-902 2720 


0-435 root 


483 2395 


2-069 367 


900 3821 


50 


II 


431 2330 


477 9578 


092 235 


902 2406 


435 1656 


483 3292 


068 983 


90 3S4 


49 


12 


431 2986 


478 0472 


091 844 


902 2092 


435 2311 


483 4189 


068 599 


900 3188 


48 


*3 


431 3642 


478 1365 


091 453 


902 1779 


435 2966 


483 5086 


068 216 


900 2871 


47 


14 


431 4298 


478 2259 


091 062 


902 1465 


435 3620 


483 5983 


067 832 


900 2S55 


46 


15 


0-431 4954 


478 3152 


2-090 671 


0-902 1151 


0-435 4275 


483 6881 


2-067 448 


900 2338 


45 


16 


431 5610 


478 4046 


090 281 


902 0838 


435 4930 


483 7778 


067 065 


900 1921 


44 


i? 


431 6266 


478 4940 


089 891 


902 0524 


435 5584 


483 8676 


066 681 


900 1605 


43 


18 


431 6922 


478 5833 


089 500 


902 0210 


435 6239 


483 9573 


066 298 


900 1288 


4* 


19 


431 7578 


478 6727 


089 i 10 


901 9896 


435 6894 


4840471 


065 915 


900 0971 


4 


20 


0-431 8234 


0-478 7621 


2-088 720 


0-90I 9582 


o-435 7548 


0-484 1368 


2-065 532 


0-900 0654 


40 


21 


431 8890 


478 8515 


088 330 


901 9268 


435 8203 


484 2266 


065 149 


.900 0337 


39 


22 


43i 9546 


478 9409 


087 940 


901 8954 


435 8857 


484 3164 


064 766 


9OO OO2O 


38 


33 


432 0202 


479 0303 


087 551 


901 8639 


435 95ii 


484 4062 


064 383 


899 9703 


37 


24 


432 0857 


479 "97 


087 161 


901 8325 


436 0166 


484 4959 


064 ooi 


899 9386 


36 


25 


0-432 1513 


0-479 2091 


2-086 772 


0-901 Son 


0-436 0821 


0-484 5857 


2-063 618 


0-899 9069 


35 


26 


432 2l69 


479 2986 


086 382 


901 7697 


436 1475 


484 6755 


063 236 


899 8752 


34 


27 


432 2825 


479 3880 


085 993 


901 7382 


436 2129 


484 7653 


062 854 


899 8435 


33 


28 


432 3481 


479 4774 


085 604 


got 7068 


436 2784 


484 8552 


062 472 


899 81 17 


3* 


29 


4324136 


479 5669 


085 215 


901 6754 


436 3438 


484 9450 


062 090 


899 7800 


3i 


30 


0-432 4792 


0-479 6563 


2-084 826 


0-901 6439 


0-436 4092 


0-485 0348 


2-061 708 


0-899 7483 


3 


3 1 


432 5448 


479 7458 


084 437 


901 6125 


436 4747 


485 1246 


06 1 326 


899 7165 


29 


32 


432 6l03 


479 8352 


084 049 


901 5810 


436 5401 


485 2145 


060 944 


899 6848 


28 


33 


432 6759 


479 9247 


083 660 


901 5495 


436 6055 


485 3043 


060 563 


899 6531 


27 


34 


432 74IS 


480 0142 


083 272 


901 5181 


436 6709 


485 3942 


060 181 


899 6213 


26 


35 


0-432 8070 


0-480 1037 


2-082 883 


0-901 4866 


0-436 7364 


0-485 4840 


2-059 800 


0-899 5895 


35 


30 


432 8726 


480 1932 


082 495 


901 4551 


436 8oiJ 


485 5739 


059419 


899 5578 


*4 


37 


432 9381 


480 2827 


082 107 


901 4236 


436 8672 


485 6638 


059 038 


899 5260 


23 


38 


433 37 


480 3722 


081 719 


901 3921 


436 9326 


485 7537 


058 657 


899 4942 


22 


39 


433 0692 


480 4617 


081 332 


901 3607 


436 9980 


45 8435 


058 276 


899 4625 


21 


4 


0-433 1348 


0-480 5512 


2-080 944 


0-901 3292 


0-437 0634 


0-485 9334 


2-057 895 


0-899 4307 


2O 


4^ 


433 2003 


480 6407 


080 556 


901 2977 


437 1288 


486 0233 


057 514 


899 3989 


19 


42 


433 2659 


480 7302 


080 169 


901 2662 


437 '943 


486 1132 


057 134 


899 3671 


18 


43 


'433 33H 


480 8197 


079 781 


901 2346 


437 2597 


486 203 


056 753 


899 3353 


17 


44 


433 397 


480 9093 


079 394 


901 2031 


437 325 


486 293 


056 373 


899 3035 


16 


45 


0-433 462 


0-480 9988 


2-079 007 


0-901 1716 


0-437 390 


0-486 383 


2-055 993 


0-899 2717 


15 


46 


433 528 


481 0884 


078 620 


901 1401 


437 455 


486 472 


055 613 


899 2399 


14 


47 


433 593 


481 1779 


078 233 


901 1086 


437 52i 


486 562 


055 233 


899 2081 


53 


48 


433 659 


481 2675 


077 847 


901 0770 


437 586 


486 652 


054 853 


899 1763 


12 


49 


433 7M 


481 3571 


077 460 


901 0455 


437652 


486 742 


054 473 


899 1444 


II 


50 


0-433 790 


0-481 4466 


2-077 073 


0-901 0139 


o-437 7i7 


0-486 832 


2-054 094 


0-899 1 126 


IO 


5 1 


433 855 


481 5362 


076 687 


900 9824 


437 782 


486 922 


053 714 


899 0808 


09 


52 


433 92' 


481 6258 


076 301 


900 9508 


437 848 


487 OI2 


053 335 


899 0489 


08 


53 


433 986 


481 7154 


075 915 


900 9193 


437 9'3 


487 102 


052 956 


899 0171 


O? 


54 


434 052 


481 8050 


075 528 


900 8877 


437 978 


487 192 


052 576 


898 9852 


06 


55 


0-434 117 


0-481 8946 


2-075 143 


0-900 8561 


0-438 044 


0-487 282 


2-052 197 


0-898 9534 


05 


51 


434 181 


481 9842 


074 757 


900 8246 


438 109 


487 372 


051 818 


898 9215 


O. 


57 


434 248 


482 0738 


074 371 


900 7930 


438 i?5 


487 462 


051 440 


898 8897 


o; 


5 


434 314; 


482 1635 


073 985 


900 7614 


438 240 


487 552 


051 06 


898 8578 


02 


5 


434 379 


482 2531 


073 600 


900 7298 


438 305 


-487 6 4 2 


050 682 


898 8259 


OI 


60 


0-434 445 


0-482 3427 


2-073 215 


0-900 6982 


0-438 37i 


0-487 732 


2-050 304 


0-898 7940 


oo 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin. 




c 


655-657 


897-892 


385-393 


316-313 


653-655 


900-896 


378-386 


319-316 


c 



4" 17" 



C-53 



1 5-442 



0-896 8727 
896 8406 
896 8084 
896 7762 
896 744 



2-027 799 
027 428 
027 056 
026 685 
026 313 



0-442 2 

442 3539 
442 4*91 
442 4843 
442 549 6 



0-896 7"9 55 

896 6797 54 

896 6475 53 

896 6153 52 

896 5831 51 



2-025 94 2 
025 

-025 200 

024 829 
024 458 

2-024 087 

023 717 

023 34 6 
022 976 

022 606 



0-896 5509 50 
896 5186 49 
8964864 48 
-896 4542 47 
896 4220 j 46 



0-896 3897 
896 3575 
896 3253 
896 2930 
-896 2608 



2-022 235 
021 865 
021 495 
O2I 126 
020 756 



0-898 3153 
898 3834 
898 2514 
898 2 i 94 
898 1875 

0-898 155S 
898 1 235 
898 0916 
898 0596 
898 0276 

0-897 99S 6 
97 
897 

897 
89? 



0-896 2285 
896 1962 
896 1640 
896 1317 
896 0994 



2-020 386 
O2O OI7 

019 647 
019 278 
018 909 



0-896 0672 35 

896 0349 34 

896 0026 33 

895 9703 3 2 

895 938o 



540 

018 171 
0117 802 
017 433 
017 064 

2-016 696 
016 327 
015 959 
015 591 
015 223 



0-495 47 6 
495 4982 
495 5888 
495 6794 
495 7700 



0-895 9057 
895 8 734 
895 8411 
-895 8087 
895 7764 



0-495 8606 

495 
496 0418 
496 1324 
496 2230 



2-039 00 
-038 627 

038 2.S" 

037 877 
037 5- 



0-895 7441 
895 
895 6 794 
895 6471 
895 6147 



2-014 855 
014 487 
014 119 
013 75' 

on 



0-49(1 3137 
496 4043 
496 495 



0-490 8873 
41)0 C//75 
491 0(178 
491 1580 
491 2483 



0-895 5824 
895 550 
895 5177 
895 4853 
895 4529 



2-013 016 
012 649 

012 282 

on 915 
on 548 



7669 
496 8576 
-496 9483 
497 39 
497 



0-444 8957 

444 9008 
445 0260 
44S 
445 



0-440 9838 
441 0490 
441 1143 
441 
441 2448 



0-491 

1 4289 

49 1 5191 
491 6094 
491 ('997 



0-895 4206 
895 3882 
895 355 8 
895 3234 
895 2910 



2-011 

oio 814 
oio 447 
oio 081 
009 7'4 



0-497 2204 

497 3' 
-4974018 

497 4925 
497 5832 



0-445 2213 
.445 2864 

445 
445 
445 



033 

033 osj 
032 64! 
032 2f>8 
031 895 



0-491 79 

491 8804 

491 977 
492 06 10 
492 15 '3 



0-441 3101 
44 1 3753 
441 4406 
441 5050 
44 l 



897 3905 
897 J 

Sgy 2263 



0-895 2586 
895 2262 
895 J938 
895 1614 
895 1290 



2-009 348 
008 981 
008 615 
008 249 
007 883 



0-497 6 739 
497 7647 
497 8554 
497 
498 0369 



0-445 
445 & '20 
445 

445 7422 
445 



2-031 S- 2 

031 150 
030 777 
030 404 
030 032 



6363 
441 7016 
441 7668 
441 8321 
44' 8973 



0-492 2417 
492 
492 4224 
492 
492 6031 



0-895 0965 
895 0641 
895 0317 
894 9992 
894 9668 



2-007 517 
007 152 
006 786 
006 420 
006 055 



0-498 IB77 
-498 2185 
.498 3092 
498 4000 
498 



0-445 8724 
445 9375 
446 0026 
446 0676 
44 f > 1327 



0-897 

897 0014 
-896 9692 
896 9371 
9049 



0-492 6935 
492 
492 8742 
-492 9<H 6 
493 0550 



2-029 
029 287 
028 915 
028 543 
028 171 



0-441 9625 
442 0278 
442 0930 
442 1582 
442 2235 




1" 46" 



1" 47* 



TM 5-442 



d 


651-649 


908-912 


366-359 


324-328 


650648 


912-916 


359-352 


327-330 


d 




sin 


tan 


cot 


cos 


sin 


tan 


cot 


cos 




oo 


0-446 1978 


0-498 5816 


2-005 690 


0-894 9344 


0-450 0984 


0-504 0415 


1-983 964 


0-892 9789 


60 


OI 


446 2629 


498 6724 


005 324 


894 9019 


450 1634 


504 1327 


983 605 


892 9462 


59 


02 


446 3280 


498 7632 


004 959 


894 8695 


450 2283 


504 2239 


983 246 


892 9135 


58 


03 


446 393 


498 8540 


004 594 


894 8370 


450 2932 


5043151 


982 887 


-892 8807 


57 


04 


446 4581 


498 9449 


004 229 


894 8045 


45 3582 


504 4063 


982 529 


892 8480 


56 


05 


0-446 5232 


0-499 0357 


2-003 865 


0-894 772J 


0-450 4231 


0-504 4976 


1-982 170 


0-892 8152 


55 


06 


446 5883 


499 1265 


003 500 


894 7396 


450 4880 


504 5888 


981 812 


-892 7825 


54 


07 


446 6533 


499 2174 


003 J35 


894 7071 


450 5530 


504 6800 


981 453 


892 7497 


53 


08 


446 7184 


499 3082 


002 771 


894 6746 


450 6179 


504 7713 


981 095 


892 7169 


53 


09 


446 7835 


499 3991 


002 407 


894 6421 


450 6828 


504 8625 


980 737 


892 6842 


5i 


10 


0-446 8485 


0-499 4899 


2 -OO2 042 


0-894 6096 


0-45 7477 


0-504 9538 


1-980 379 


0-892 6514 


50 


II 


446 9136 


499 5808 


ooi 678 


894 5771 


450 8126 


505 0451 


980 O2I 


892 6186 


49 


12 


446 9786 


4996717 


ooi 314 


894 5446 


450 8775 


505 1363 


979 664 


892 5858 


48 


'3 


447 0437 


499 7626 


ooo 950 


894 5121 


450 9425 


505 2276 


979 306 


892 553 


47 


*4 


447 1087 


499 8534 


ooo 586 


894 4796 


451 0074 


505 3189 


978 948 


892 5202 


46 


15 


0-447 1738 


0-499 9443 


2-000 223 


0-8944471 


0-451 0723 


0-505 4102 


1-978 591 


0-892 4874 


45 


16 


447 2388 


5000352 


1-999 859 


8944146 


451 1372 


505 5015 


978 233 


892 4546 


44 


17 


447 3039 


500 1262 


999 496 


894 3821 


451 2021 


505 5928 


977 876 


892 4218 


43 


18 


447 3689 


500 2171 


999 132 


8 94 3495 


451 2670 


505 6841 


977519 


892 3890 


42 


19 


447 4339 


500 3080 


998 769 


8943170 


451 3319 


505 7755 


977 162 


892 3562 


4i 


20 


0-447 4990 


0-500 3989 


1-998 406 


0-894 2844 


0-451 3967 


0-505 8668- 


1-976 805 


0-892 3234 


40 


21 


447 5640 


5004899 


998 043 


8942519 


451 4616 


505 958i 


976 448 


892 2905 


39 


22 


447 6290 


500 5808 


997 680 


894 2194 


451 5265 


506 0495 


976 091 


892 2577 


38 


*3 


447 6941 


5006717 


997 317 


894 1868 


451 5914 


506 1408 


975 735 


892 2249 


37 


4 


447 7591 


500 7627 


996 954 


894 1542 


:45i 6563 


506 2322 


975 378 


892 1920 


36 


25 


0-447 8241 


0-500 8537 


1-996 591 


0-894 1217 


0-451 7212 


0-506 3235 


1-975 022 


0-892 1592 


35 


26 


447 8891 


500 9446 


996 229 


894 0891 


451 7861 


506 4149 


974 665 


892 1263 


34 


27 


447 9542 


501 0356 


995 866 


894 0565 


451 8509 


506 5063 


974 309 


892 0935 


33 


28 


448 0192 


501 1266 


995 54 


894 0240 


451 9158 


506 5977 


973 953 


892 0606 


32 


29 


448 0842 


501 2176 


995 142 


893 9914 


451 9807 


506 6890 


973 597 


892 0277 


3i 


30 


0-448 1492 


0-501 3086 


1-994779 


0-893 9588 


o-452 0455 


0-506 7804 


i '973 241 


0-891 9949 


3 


31 


448 2142 


501 3996 


994417 


893 9262 


452 1104 


506 8718 


972 885 


891 9620 


29 


32 


448 2792 


501 4906 


994 055 


893 8936 


452 1753 


506 9633 


972 530 


891 9291 


28 


33 


448 3442 


501 5816 


993 694 


893 8610 


452 2401 


57 0547 


972 174 


891 8962 


27 


34 


448 4092 


501 6726 


993 332 


893 8284 


452 3050 


507 1461 


971 818 


891 8633 


26 


35 


0-448 4742 


0-501 7636 


1-992 970 


0-893 7958 


0-452 3699 


0-507 2375 


1-971 463 


0-891 8304 


*5 


36 


448 5392 


501 8547 


992 609 


893 7632 


452 4347 


507 3290 


971 108 


891 7975 


24 


37 


448 6042 


501 9457 


992 247 


893 7305 


452 4996 


507 4204 


-970 752 


891 7646 


23 


3 


448 6692 


502 0368 


991 886 


893 6979 


452 5644 


507 5118 


970 397 


891 7317 


22 


39 


448 7342 


502 1278 


991 525 


893 6653 


452 6293 


57 6033 


970 042 


891 6988 


21 


40 


0-448 7992 


0-502 2189 


1-991 164 


0-893 6326 


0-452 6941 


0-507 6948 


1-969 687 


0-891 6659 


2O 


4i 


448 8642 


502 3099 


990 803 


893 6000 


452 7589 


507 7862 


969 333 


891 6330 


19 


42 


448 9291 


502 4010 


990 442 


893 5674 


452 8238 


-507 8777 


968 978 


891 6000 


18 


43 


448 9941 


502 4921 


990 08 i 


893 5347 


452 8886 


507 9692 


968 623 


891 5671 


17 


44 


449 0591 


502 5832 


989 720 


893 5021 


452 9535 


508 0607 


968 269 


891 5342 


16 


45 


0-449 1241 


0-502 6743 


1-989 360 


0-893 4694 


0-453 0183 


0-508 1522 


1-967 914 


0-891 5012 


15- 


46 


449 1891 


502 7654 


988 999 


893 4367 


453 0831 


508 2437 


967 560 


891 4683 


14 


47 


449 2540 


502 8565 


988 639 


893 4041 


453 H8o 


508 3352 


967 206 


891 4353 


13 


48 


449 3190 


502 9476 


988 279 


893 37H 


453 2128 


508 4267 


966 852 


891 4024 


12 


49 


449 3840 


503 0387 


987919 


893 3387 


453 2776 


508 5182 


966 498 


891 3694 


II 


5 


0-449 4489 


0-503 1299 


I-987S58 


0-893 3060 


0-453 3424 


0-508 6098 


1-966 144 


0-891 3364 


IO 


51 


449 SI39 


503 2210 


987 199 


893 2733 


453 4072 


508 7013 


965 790 


891 3035 


09 


52 


449 5789 


503 3121 


986 839 


893 2406 


453 4721 


508 7929 


965 436 


891 2705 


08 


53 


449 6438 


53 4033 


986 479 


893 2080 


'453 5369 


508 8844 


965 083 


891 2375 


07 


54 


449 7088 


503 4944 


986 119 


893 1753 


453 6oi7 


508 9760 


964 729 


891 2045 


06 


55 


Q'449 7737 


o-S03 5856 


1-985 760 


0-893 1425 


0-453 6665 


0-509 0675 


1-964 376 


0-891 1715 


05 


56 


449 8387 


503 6768 


985 400 


893 1098 


453 7313 


509 i59i 


964 023 


891 1385 


04 


57 


449 9036 


-503 7679 


985 041 


893 0771 


453 796i 


509 2507 


963 669 


891 1055 


03 


5 


449 9686 


53 8591 


984 682 


893 0444 


453 8609 


509 3423 


963 3i6 


891 0725 


02 


59 


450 0335 


503 9503 


984 323 


893 0117 


453 9257 


509 4339 


962 963 


891 0395 


01 


60 


0-450 0984 


0-504 0415 


1-983 964 


0-892 9789 


0-453 9905 


0-509 5254 


1-962 6n 


0-891 0065 


OO 

g 




COS 


cot 


tan 


sin 


COS 


cot 


t^n 


sin 




d 


649-65 1 


9 i 2-908 


359-366 


328-324 


648-650 


916-912 


352-359 


330-327 


d 



4" 12" 



C-55 



M 5-442 



1* 48" 



sin 



00 0-453 99<>5 

01 -4540553 

02 -454 " OI 

03 -454 49 

04 '454 2497 

I 05 0-454 3144 

06 -454 3792 

07 -454 4440 

08 -4545088 

09 '454 5736 

10 0-454 6383 

11 -4547031 

12 -454 7679 

13 '454 8326 

14 -4548974 

15 -454 90" 

16 -455 0269 

17 '455 0917 

18 -455 1564 

19 -455 azia 



tan 

0-509 5254 
.5096171 
.509 7087 
.509 8003 
.509 8919 

0-509 9835 
-510 075* 
510 1668 
5102585 
510 3501 

0-5104418 

510 533S 
-510 6252 
510 7168 
510 8085 

0-510 9002 
-510 9919 
511 0837 
5" '754 
-511 2671 



20 0-455 2859 

21 -455 3507 

22 -455 4*54 

23 -455 4802 

24 -455 5449 

25 0-455 6096 

26 -455 6744 

27 -455739* 

28 -4558038 

29 -455 8686 

30 0-455 9333 

31 -455 998o 
33 .456 0627 

33 -456 1275 

34 -456 1922 

35 o-456 2569 

36 -456 32*6 

37 -456 3863 

38 -456 45*0 

39 -456 5*57 

40 0-456 5804 

41 -456 6451 

42 -4S6 7098 

43 -456 7745 

44 -456 8392 

45 0-456 9039 

46 -456 9686 

47 -457 0332 

48 '457 0979 

49 '457 1626 

| 0-457 2273 
457 2920 
457 3566 
457 42*3 
'457 4860 

| 0-457 5506 
457 6153 
457 6800 
457 7446 
457 8093 

| 0-457 8739 
COS 



0-511 3588 
.511 4506 
5" 5433 
511 6341 
5" 7259 



0-511 8176 
511 9094 
512 0012 
512 0930 
512 1848 

0-512 2766 
.512 3684 

512 4602 
512 5520 
512 6438 

0-5127357 
512 8275 

5129194 

513 0112 
513 1031 



cot 

1-962611 
962 258 

961 905 
961 552 

961 200 

1.960848 

960 495 
.960 143 
959 79i 
959 439 

1-959 087 
958 735 
958 384 
958 032 
957 681 

1-957 329 
956 978 
956 627 
956 276 
955 925 

1-955 574 
955 "3 
954 872 
954 522 
954 i?i 

x-953 821 
953 47i 
953 120 
952 770 
.952 420 



COS 

ii 

0-891 0065 
890 9735 
890 9405 
890 9075 
890 8744 



0-890 84H 
8908083 
890 7753 
890 7423 
-890 7092 

0-890 6761 
-890 6431 
890 6100 
890 5769 
890 5439 

0-890 5108 
890 4777 
8904446 
8904115 
890 3784 

0-890 3453 
890 3122 
890 2791 
890 2459 
890 2128 

0-890 J797 
890 1465 
890 U34 

890 0803 

890 0471 



o-457 8739 
457 9386 
458 0032 
458 0679 
458 1325 

0-458 1971 
458 2618 
458 3264 
458 39io 
458 4557 

0-458 5203 
458 5849 
-458 6496 
.458 7142 
458 7788 

0-458 8434 
.4589080 
.458 9726 

459 037 
.459 1018 



0-515 0338 
515 "59 
5^5 I 79 
515 3099 
.5154019 

0-5I54940 
.515 5860 
.515 6781 
.515 7702 
.515 8622 

0-515 9543 
.516 0464 
516 1385 
516 2306 
.516 3227 

0-516 4148 
.516 5069 
516 599 
516 6912 
516 7833 



0-513 1950 
513 2869 

5*3 3787 
513 4706 
5*3 5625 

0-513 6544 
5*3 7463 
5*3 8383 
5*3 9302 
514 0221 

0-514 114* 
514 2060 
514 2980 
5*4 3899 
5*4 48i9 

0-514 5739 
5*4 6658 
5*4 7578 
514 8498 
.514 9418 

0-515 0338 

cot 



1-952 071 
951 721 
95* 37i 

951 021 
950 672 

1-950 323 

949 973 
.949624 

949 275 
.948 926 

I-948 577 
.948 228 
.947 880 
947 531 
947 183 

1-946834 
-946 486 
946 138 
945 790 
945 442 



0-890 0140 
889 9808 
889 9476 
889 9H5 
889 8813 

0-889 8481 
-889 8149 
889 78i7 
889 7485 
889 7'54 

0-889 6822 
889 6489 
8896157 
889 5825 
889 5493 

0-889 5161 
889 4828 
889 4496 
889 4164 
889 3831 



i .945 094 
944 74 6 
944 398 
944051 
943 703 

t-943 356 
943 008 
942 66 i 

942 3H 
941 967 

1-941 620 

tan 



0-889 3499 
889 3166 
889 2834 
889 2501 
889 2168 

0-889 1836 
889 1503 
889 1170 
889 0837 
889 0504 

0-889 0171 



0-459 1665 
45923" 
459 2957 
459 3603 
459 4M8 

0-459 4894 
459 5540 
459 6186 
459 6832 
459 7478 

0-459 8124 
459 8769 
459 9415 
460 0061 
460 0707 

0-460 1352 
460 1998 
460 2643 
460 3289 
460 3935 

0-460 458o 
460 5226 
460 5871 
460 6517 
460 7162 

0-460 7808 
460 8453 
4609098 
460 9744 
461 0389 

0-461 1034 
461 1680 
461 2325 
461 2970 
461 3615 

0-461 4261 
.461 4906 
461 5551 
461 6196 
461 6841 

0-461 7486 
COS 



0-516 8755 
.516 9676 
517 0598 
.517 1520 

5172441 

0-517 3363 
517 4285 
-517 5207 
517 6129 
517 705' 



1-941 620 
941 273 
940 926 
940 580 
940 233 

I-939887 
939 540 
939 194 
938 848 
938 52 

1-938 156 
937 8*0 
937 4 6 5 
937 "9 
936 773 

1-936 428 
936 082 
935 737 
935 392 
935 47 

1-934 702 
934 357 
934 OJ 2 
933 668 
933 323 

1-932 979 
932 634 
932 290 
931 946 
931 602 



333-336 
COS 

0-889 0171 60 

888 9838 59 

888 9505 58 

888 9172 57 

-888 8839 56 

0-888 8506 55 
-888 8173 54 
-888 7839 53 
.888 7506 
888 7173 

0-888 6839 
888 6506 
888 6172 
888 5839 
-888 5505 

0-888 5171 45 

888 4838 44 

888 4504 43 

888 4170 4* 

888 3836 4' 

0-888 3503 40 

888 3169 39 

888 2835 38 

-888 2501 37 

888 2166 36 

0-888 1832 
888 1498 
888 1164 
888 0830 
888 0495 



0-517 7973 
517 8895 
.517 9818 
.518 0740 
.518 1663 

0-518 2585 
.518 3508 
5184430 
5^85353 
5186276 



0-5187199 
.5188122 
5189045 
.518 9968 
.519 0891 

0-519 1814 
519 2737 
5*9 3661 
5I94S84 
5*9 55o8 

0-519 6431 
5*97355 
.519 8278 
519 9202 
520 0126 

0-520 1050 
520 1974 
520 2898 
520 3822 
520 4746 

0-520 5671 



1-931 258 
930 9*4 
930 570 
930 226 
929 883 

I-929 539 
929 196 
928 852 
.928 509 
928 i 66 

1-927 823 
927 480 
927 *37 
926 794 
926 452 

1-926 109 
925 767 
925 424 
-925 082 
924 740 

1-924 398 
924 056 
923 7H 
923 372 
923 030 



26 



22 
21 



20 



0-888 0161 
887 9827 
887 9492 
887 9*58 
887 8823 

0-887 8488 
887 8154 
887 7819 
-887 7484 
887 7150 

0-887 6815 
887 6480 
887 6145 
887 5810 
887 5475 

0-887 5140 1 15 
887 4805 14 
-887 4470 13 
887 4134 
887 3799 

0-887 3464 I 
887 3129 
887 2793 
887 2458 

887 2122 



cot 



1-922 689 
922 347 
922 006 
921 664 
921 323 

1-920 982 



tan 



645-647 1 925-920 



0-887 *?8? I 5 
887 145* 04 
887 1115 3 
887 0780 02 
-887 0444 

0-887 0108 oo 



sin 

336-333 



TM 5-442 



1" 51' 



d 


645-643 


924-929 


341-335 


335-339 


644-642 


928-933 


336-330 


338-342 


d 




sin 


tan 


cot 


COS 


sin 


tan 


cot 


cos 




8 - 
OO 


0-461 7486 


5-520 5671 


1-920 982 


3-887 0108 


0-465 6145 


5-526 1255 


1-900 687 


0-884 9876 


60 


OX 


461 8131 


520 6595 


920 641 


886 9773 


465 6789 


526 2183 


900 352 


-884 9538 


59 


02 


461 8776 


520 7519 


920 300 


886 9437 


465 7432 


526 3112 


900 017 


-.884 9199 


58 


03 


461 9421 


-520 8444 


919 959 


886 9101 


465 8076 


526 4040 


899 68 i 


884 8860 


57 


04 


462 0066 


520 9368 


919 619 


886 8765 


465 8719 


526 4969 


899 346 


884 8522 


56 




0-462 0711 


0-521 0293 


1-919 278 


0-886 8429 


0-465 9363 


0-526 5898 


1-899 oil 


0-884 8183 


55 


06 


462 1356 


521 1218 


918 937 


886 8093 


466 0006 


526 6827 


898 676 


884 7844 


54 




462 2OOI 


521 2142 


918 597 


886 7757 


-466 0650 


526 7756 


898 342 


-884 7505 


53 


08 


462 2646 


521 3067 


918 257 


886 7420 


466 1293 


526 8685 


898 007 


884 7166 


5* 


09 


462 3291 


521 3992 


917 916 


886 7084 


466 1936 


526 9614 


897 672 


884 6827 


51 


xo 


0-462 3935 


0-521 4917 


1-917 576 


0-886 6748 


0-466 2586 


0-5270543 


1-897 338 


0-384 6488 


50 


XI 


462 4580 


521 5842 


917 236 


886 6412 


466 3223 


527 1473 


897 003 


-884 6149 


49 


12 


462 5225 


521 6767 


916 896 


886 6075 


466 3866 


527 2402 


896 669 


884 5810 


48 


13 


462 5870 


521 7692 


916 556 


886 5739 


466 4510 


527 3331 


896 334 


884 5471 


47 


14 


462 6514 


521 8617 


916 216 


886 5403 


466 5153 


527 4261 


896 ooo 


8845131 


46 


15 


0-462 7159 


0-521 9S43 


1-915 877 


0-886 5066 


0-466 5796 


0-527 5190 


1-895 666 


0-884 4792 


45 


* 


462 7804 


522 0468 


915 537 


886 4730 


-466 6439 


527 6120 


895 332 


884 4453 


44 


'? 


462 8448 


522 1394 


915 198 


886 4393 


466 7083 


527 7050 


894 998 


8844113 


43 


18 


462 9093 


522 2319 


9H 858 


886 4056 


466 7726 


527 7979 


894 664 


-884 3774 


42 


x 9 


462 9738 


522 3245 


9H 519 


886 3720 


466 8369 


527 8909 


894 33i 


884 3434 


4i 


20 


0-463 0382 


0-522 4170 


1-914 1 80 


0-886 3383 


0-466 9012 


0-527 9839 


1-893 997 


0-884 3095 


4 


21 


463 1027 


522 5096 


913 840 


886 3046 


466 9655 


528 0769 


893 664 


884 2755 


39 


22 


463 1671 


522 6022 


9'3 501 


886 2710 


467 0298 


528 1699 


893 330 


884 2416 


38 


as 


463 2316 
463 2960 


522 6948 
522 7874 


913 162 
912 824 


886 2373 11 -467 0941 
886 2036 -467 1584 


528 2629 
528 3560 


892 997 
892 663 


884 2076 
884 1736 


37 
36 


25 


0-463 3605 


0-522 8800 


1-912 485 


886 1699 I 0-467 2227 


0-528 4490 


1-892 330 


0-884 1397 


35 


26 


463 4249 


522 9726 


912 146 


886 1362 -467 2870 


528 5420 


891 997 


884 1057 


34 




463 4894 


523 0652 


911 808 


886 1025 -467 3513 


528 6351 


891 664 


884 0717 


33 


28 


463 5538 


523 1578 


911 469 


886 0688 I) -467 4156 


528 7281 


891 331 


884 037? 


32 




463 6182 


523 2504 


911 131 


886 0351 


467 4799 


528 8212 


890 998 


-884 0037 


31 


30 


0-463 6827 
463 7471 


0-523 3431 
523 4357 


1-910792 
910 454 


0-886 0013 
885 9676 


0-467 5442 
467 6084 


0-528 9142 
529 0073 


1-890 666 
890 333 


883 9697 
883 9357 


29 

o 


32 
33 
34 


463 8115 
463 8760 
463 944 


523 5284 
523 6210 
523 7137 


910 116 

909 778 
.909440 


885 9339 
885 9002 
885 8664 


467 6727 
467 7370 
467.8013 


529 1004 

529 1935 
529 2865 


890 ooi 
889 668 
889 336 


883 9017 
883 8677 
883 8337 


20 

37 
26 


35 
36 
37 

39 


0-464 0048 
464 0692 
464 1336 
464 1980 
464 2625 


0-523 8064 
523 8990 

523 9917 
524 0844 
524 1771 


1-909 102 
908 765 
908 427 
908 090 
-907 752 


0-885 8327 
885 7989 
885 7652 
885 73H 
885 6977 


0-467 8655 
467 9298 
467 9941 
468 0583 
468 1226 


o-S29 3796 
529 4727 
529 5659 
529 6590 
529 7521 


1-889 004 
888 671 
888 339 
888 007 
887 675 


0-883 7997 
883 7656 
883 7316 
883 6976 
883 6635 


25 
24 

aa 

21 


4 1 
42 
43 
44 


0-464 3269 
464 3913 
-464 4557 
464 5201 
464 5845 


0-524 269$ 
-524 3625 
524 4553 
524 548o 
524 6407 


1-907 415 
907 077 
906 740 
906 403 
906 066 


0-885 6639 II 0-468 1869 
885 6301 -468 2511 
885 5964 -468 3154 
-885 5626 -468 3796 
-885 5288 -468 4439 


0-529 8452 
529 9384 
5300315 
530 1247 
530 2178 


1-887 344 
887 012 
886 680 
886 349 
886 017 


0-883 6295 
883 5954 
883 5614 
883 5273 
883 4933 


ao 

19 
18 

17 
16 


45 
46 
47 
48 
49 


0-464 6489 
464 7133 
464 7777 
464 8420 
464 9064 


0-524 7335 
524 8262 
524 9190 
525 0117 
525 1045 


1-905 729 
90S 393 
905 056 
904 719 
904 383 


0-885-4950 0-468 5081 
885 4612 -468 5724 
885 4274 -468 6366 
885 3936 -468 7009 
885 3598 -468 7651 


0-530 3110 
5304042 
530 4974 
530 5906 
530 6838 


1-885 686 
885 355 
885 023 
884 692 
884 361 


0-883 4592 
883 4251 
883 3910 
-883 3569 
883 3229 


15 
13 

12 
II 


52 
53 

54 


0-464 9708 
465 0352 
465 0996 
465 1640 
465 2283 


0-525 1973 
525 2901 
525 3829 
525 475; 
525 568j 


1-904 046 
903 710 
93 37H 
903 038 
902 702 


0-885 3260 0-468 8293 
885 2922 -468 8936 
885 2584 -468 9578 

885 2245 -469 0220 
885 1907 -469 0863 


0-530 7770 
530 8702 
530 9634 
531 0566 
531 1499 


1-884 3 
883 700 
883 369 
883 038 
882 708 


0-883 2888 
-883 2547 
883 2206 
883 1865 
883 1524 


10 

09 
08 

07 
06 


55 
56 
57 

59 


0-465 292-3 
465 357- 
-465 42-M 
-465 485* 
405 55' 


0-525 66 1 : 
525 754' 
525 846* 
525 939* 
526 032* 


1-902 366 
902 030 
) -901 69. 
1 -901 SS 8 
i -901 023 


0-885 1569 0-469 1505 
885 1230 -469 2147 
885 0892 -469 278S 
885 0553 -469 3431 
885 0215 -469 407^ 


0-531 2431 
531 3364 
531 429* 

531 522? 

531 6162 


1-882 377 
882 047 
881 717 
, -881 387 
t -881 056 


0-883 1182 
-883 0841 
883 0500 
883 0159 
882 9817 


05 
04 
03 
oa 

01 


60 


0-465 614 


0-526 125 


5 1-900 687 


0-884 9876 0-469 4?i< 


0-531 709' 


(. 1-880 726 


0-882 9476 


00 

8 




COS 


cot 


tan 


sin cos 


cot 


tan 


sin 




d 


643-645 




335-34* 


339-335 jl 642-644 


933-928 


330-336 


342-338 


d 



4" 09' 



4" 08" 



G-57 



EM 5-442 



1" 52 



1" 53" 



l _^_____ T -*"*' i " > ^r'' 

I I >. 1 - ' iiniiA. \ 14I~345 II 


. " 

641-639 9 


V7-<U2 J32S-W 344-347 <* i 


| d | 642-640 J 9 


tan cot cos 


. 

sin 

._- -i 


tan 

- 


cot cos I 


shT| 




_ 1 *V 1lVS\4 T 


861 091 0-880 8907 1 60 1 


\ oo 0-469 47i6 o- 
1 oi -469 5358 

1 02 H69 6000 
1 03 -469 6642 ' 

1 04 -469 7284 

1 05 0-469 7926 o 
I 06 -469 8568 
1 07 -469 9210 
I 08 -469 9852 


53 i 7094 i 
531 8027 
S3 i 8960 

531 9893 
532 0826 

532 1759 * 
532 2693 
532 3626 
532 4559 


880 726 o- 
-880 397 
880 067 
879 737 
879 407 

879 078 o 
878 748 
878 419 
878 090 
.877 761 


8829476 
8829134 
8828793 
882 8451 
882 8110 

8827768 
8827427 
-8827085 
882 6743 
882 6401 


0-473 3197 o- 
473 3837 ' 
473 4478 ' 
473 5n8 
473 5759 

0-473 6399 o 
473 704 
473 768o 
473 8321 
473 8961 


SJ/ jyr 
5374131 
537 568 
537 6006 
537 6943 

537 788i i 
537 8818 
537 9756 
-538 0694 
-538 1631 


860 766 
860 441 
860 117 
859 793 

859 469 o 
859 144 
-858 820 
858 496 
858 173 


880 8563 59 1 
880 8219 58 1 
880 7875 57 1 
880 7530 56 1 

880 7186 55 1 
880 6841 54 1 
880 6497 53 I 
8806152 52 I 
-880 5808 51 j 


I 09 -470 0494 
1 10 0-470 1135 

1 II .470 1777 

I 12 -47 2419 
I 13 -470 3061 


S3 2 5493 
.532 6426 
532 736o 
532 8293 
.532 9227 


/ / / 
1-877 43i 

877 102 

876 774 
876 445 
876 116 


882 6060 
882 5718 
-882 5376 
882 5034 
882 4692 


0-473 9601 c 
-4740242 ' 
474 0882 
474 1522 
.474 2163 


538 2569 
538 3507 
538 4445 
538 5383 
538 6321 


1-857 849 o 
857 525 

857 202 

856 878 

856 555 


880 5463 50 1 
880 5118 49 I 
880 4774 48 I 
880 4429 47 1 
880 4084 46 1 


1 14 -470 3703 

j 15 0-47 4344 < 
1 16 -470 4986 
\ 17 -47 5628 
1 18 -470 6269 
19 -4706911 

1 20 0-470 7553 
\ 21 -47 8i94 

\ 22 -470 88 3 6 

\ 23 -470 9477 


533 0161 

3-533 i95 
533 2029 
533 2963 
533 3897 
533 4831 

0-533 5765 
533 6699 
533 7634 
533 8568 


1-875 787 < 
875 459 
875 130 
874 802 
874 474 

1-874 145 
873 817 
873 489 
873 161 

,g72 8 14 


3-882 4350 
884 4007 
88a 3665 
-882 3323 
882 2981 

0-882 2638 
882 2296 
882 1954 
882 1611 
882 1269 


1 0-4742803 
-474 3443 
474 4083 
474 4723 
474 5364 

0-4746004 
.474 6644 
474 7284 
474 7924 
474 8564 


3.538 7260 
538 8198 
-5389136 
539 75 
"539 1013 

0-539 1952 
539 2891 
539 3829 
539 4768 
539 5707 


1-856 231 < 
855 908 
855 585 
855 262 
854 939 

1-854 616 
854 293 
853 97 
-853 648 
853 325 


)-88o 3739 45 1 
880 3394 44 I 
880 3049 43 I 
880 2704 1 4* 1 
880 2359 4i 1 

0-880 2014 40 1 
-880 1669 39 I 
-880 1324 38 1 
-880 0978 37 1 
880 0633 36 1 


1 24 -471 oi J 9 
1 25 0-471 0760 

i 26 -471 !42 

j 27 -471 2043 

I 28 -471 2685 
1 29 -471 3326 

1 30 0-471 3967 
1 31 -471 4609 
1 32 -471 5250 

33 -471 5891 
\ 34 -471 6533 

i 35 o-47i 7i74 
36 -471 78i5 
37 -471 8456 
j 38 -47i 9097 


533 953 

0-534 0437 
534 1372 
534 2307 
534 3242 
5344176 

0-534 5111 
.534 6046 
.534 6981 
5347917 
534 8852 

0-534 9787 
535 0723 
535 1658 
535 2594 


^ / * "*>~ 

I-872 506 
872 178 
871 851 
871 523 
871 196 

1-870 868 
870 541 
870 214 
869 887 
869 560 

1-869 233 
868 906 
868 580 
868 253 
867 927 


0-882 0926 0-474 9204 
882 0584 -474 9844 
882 0241 -475 0484 
881 9898 -475 "24 
881 9555 -475 1764 

0-881 9213 o-475 2403 
-881 8870 -475 343 
881 8527 -475 3683 
881 8184 -475 4323 
881 7841 -475 4963 

0-881 7498 0-475 5602 
881 7155 -475 6242 
-881 6812 -475 6882 
881 6469 -475 7521 
-881 6125 -475 8161 


0-539 6646 
539 7585 
539 8524 
539 9464 
5400403 

0-540 1342 
540 2282 
540 3221 
.5404161 
.5405100 

0-540 6040 
540 6980 
540 7920 
540 8860 
540 9800 


1-853 003 
852 680 
852 358 
852 036 
851 7H 

1-851 392 
851 070 
850 748 
850 426 
850 104 

1-849 783 
849461 
849 140 
848 819 
848 497 


0-880 0288 35 1 
879 9942 34 j 
879 9597 33 I 
879 925M 3* 1 
879 8906 31 I 

0-879 8560 30 1 
879 8215 *9 I 
879 7869 *8 I 
879 7523 *7 j 
879 7177 *6 1 

0-879 6832 25 I 
879 6486 24 I 
879 6140 *3 jj 
879 5794 aa j 
879 5448 21 I 


1 39 -471 9739 
1 40 0-472 0380 
J 41 -472 102 1 
J 42 -472 1662 
43 -472 2303 


535 3529 

0-535 4465 
535 5401 
535 6336 
535 7272 
: 820? 


1-867 600 
867 274 
-866 948 
-866 622 
866 295 


0-881 5782 0-475 8801 
881 5439 -475 944 
881 5096 -476 0080 
881 4752 -476 0719 
-88 i 4409 -476 135? 


0-541 0740 
541 1680 
541 2620 
541 356o 
-541 4501 


1-848 176 
847 8 S 5 
847 534 
847 213 
846 892 


0-879 512 30 I 
879 4756 19 1 

879 4410 18 I 
-879 4063 i? j 
879 37i7 16 1 


1 44 472 2944 

j 45 0-472 3585 
1 46 -472 4226 
47 -472 486-; 
I 48 -472 55* 
49 -472 6i 4 < 

1 50 0-472 678( 
I 51 -472 743 
5* -472 807 
53 -472 871 
54 -472 935 

1 55 o-472 999 
56 -473 063 
57 -473 127 
58 -473 191 

1 co 1 -4.7T 215 


j jj 

0-535 9144 
.536 oo8c 

.536 101" 

! -536 195: 
, -536 2&8c 

3 0-536 382* 

3 -S3 6 476 

I -536 569 

2 -536 663 

3 536 757 
3 0-536 850 
4 -536944 
5 -537038 
5 -537 132 
6 -537 225 


1-865 970 
865 644 
865 318 
j -864 992 
> -864 666 

i 1-864 341 
2 -864 016 
9 -863 &9C 
5 -863 36; 
2 -863 04* 

9 1-86271 
6 -862 39 
3 -862 06 
o -861 74 
7 -861 41 


0-881 4065 0-476 199? 
881 3722 -476 263* 
881 3378 -476 327' 
881 3035 -476 391' 
-881 2691 -476 455 

0-881 2347 0-476 519 
-881 2003 -476 583 
5 -881 1660 -476 647 
; -881 1316 -476711 
3 -881 0972 -476 775 

5 0-881 0628 0-476 839 
3 -881 0284 -476 93 
5 -880 9940 -476 96-3 
o -880 9596 -477 03 
5 -8809252 -47709^ 


J 0-541 544' 
J .541 6382 
7 -54* 732= 
7 -541 826. 
5 -541 920. 

5 0-542 014 
5 -542 108 

4 -542 202 

3 -542 296 
3 -542 390 

2 0-542 485 

i -542 579 
o -542 673 
> 9 -542 767 
^8 -542 86) 


1-846 572 
846 251 
t -845 930 
5 -845 610 
f -845 290 

5 1-844969 
6 -844 649 
7 -844 329 
8 -844 oo? 
9 -843 68t 

o 1-843 36' 
r -843 04 
3 "842 72 
4 -842 41 
5 -842 09 


0-879 337i 15 I 
879 3025 14 I 
-879 2678 13 I 
879 2332 xa 
879 1985 1 

0-879 1639 10 j 
-879 1292 09 I 
-879 0946 08 I 
879 0599 07 1 
, -879 0252 06 J 

j 0-878 9906 05 1 
j -878 9559 04 1 
9 -878 9212 03 1 

-878 8865 02 1 

o -878 8518 oi 1 


9 59 *'J >' 
1 60 0-473 319 


7 0-537 315 


4 1-861091 0-8808907 1 0-47715' 


J8 0-542 95. 


57 1-841 77 


i 0-878 8171 oo I 
a 1 






. . 

tan 


sin 


COS 


cot 


tan 


' 1 1 


1 COS 


cot 




! A 6AO-6A5 


. 

937-93: 


_ 

j 324-33< 


ii 

3 345-341 i 639-64; 


942-93 

__!__ ~- 


7 319-32 


347-344 I <* | 



C-58 41. Q7 r 



4" 06" 



TM 5-442 



1" 54" 



1 h 55" 



d 


639-637 


941-946 


320-314 


347-350 


638-636 


946-951 


314-309 


350-353 


d 




sin 


tan 


cot 


cos 


sin 


tan 


cot 


cos 




s 

00 


0-477 1588 


0-542 9557 


1-841 771 


0-878 8171 


0-480 9888 


548 6188 


1-822 759 


0-876 7268 


60 


OI 


477 2227 


543 0499 


841 452 


878 7824 


481 0525 


548 7134 


822 445 


876 6918 


59 


02 


477 2866 


543 1440 


841 132 


878 7477 


481 1163 


548 8080 


822 131 


876 6568 


58 


03 


477 3505 


543 2382 


840 813 


878 7130 


481 1800 


548 9027 


821 817 


876 6218 


57 


04 


477 4144 


543 3324 


840 494 


^878 6783 


481 2438 


548 9973 


821 503 


876 5868 


56 


05 


0-477 4783 


0-543 4266 


1-840 175 


0-878 6436 


0-481 3075 


549 0919 


1-821 189 


0-876 5518 


55 


06 


477 54Z2 


543 5208 


839 856 


878 6088 


481 3713 


549 1866 


820 875 


876 5168 


54 


07 


477 6061 


543 6150 


839 537 


878 5741 


481 4350 


549 2812 


820 561 


876 4818 


53 


08 


477 6700 


543 7092 


839 218 


878 5394 


481 4987 


549 3759 


820 247 


876 4468 


53 


09 


477 7338 


543 8034 


838 900 


878 5046 


481 5625 


549 4706 


819 934 


8764118 




IO 


0-477 7977 


0-543 8977 


1-838 581 


0-878 4699 


0-481 6262 


549 S^SS 


1-819 620 


0-876 3767 


So 


IX 


477 8616 


543 9919 


838 263 


8784351 


481 6899 


549 6600 


819 307 


876 3417 


49 


12 


477 9255 


544 0862 


837 944 


878 4004 


481 7537 


549 7547 


818 993 


876 3067 


48 


13 


477 9894 


544 1804 


837 626 


878 3656 


481 8174 


549 8494 


818 680 


876 2716 


47 


M 


478 0532 


544 2747 


837 308 


878 3309 


481 88 11 


549 9441 


818 367 
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754 669 


868 8116 


498 9290 


575 7031 


737007 


8666429 


17 


44 


495 2060 


5700045 


754 372 


-868 7756 


-498 9920 


575 7999 


736 7*4 


8666066 


16 


45 


0-495 2692 


0-570 1008 


1-754 076 


0-868 7396 


0-499 0550 


0-575 8967 


1-736 422 


0-866 5703 


15 


46 


495 3323 


570 1972 


753 779 


868 7036 


499 1180 


575 9936 


736 130 


866 5340 


14 


47 


495 3955 


570 2936 


753 483 


868 6675 


499 1810 


576 0904 


735 839 


866 4977 


13 


48 


495 4587 


570 3899 


753 187 


868 6315 


4993441 


576 1873 


735 547 


866 4614 


12 


49 


495 5218 


-570 4863 


752 890 


868 5955 


499 3071 


576 2842 


735 255 


866 4351 


XI 


5 


0-495 5850 


0-570 5827 


1-752 594 


0-868 5594 


0-499 3701 


6-576 3810 


1-734 963 


0-866 3888 


10 


51 


495 6482 


570 6791 


752 298 


868 5234 


499 433J 


576 4779 


734 672 


866 3535 


09 


52 


495 7i 13 


570 7755 


753 002 


868 4874 


499 4961 


576 5748 


734 38o 


-866 3161 


OS 


53 


495 7745 


570 8719 


751 706 


868 4513 


499 5591 


576 6717 


734089 


866 2798 


>7 


54 


495 8376 


570 9684 


751 4" 


868 4152 


499 6231 


-576 7686 


733 797 


866 3435 


06 


55 


0-495 9008 


0-571 064! 


I-7SI "5 


0-868 3792 


0-499 6851 


0-576 8656 


1-733 56 


0-866 3072 


5 


56 


495 9639 


571 1612 


750 819 


-868 3431 


499 748J 


576 9625 


733 215 


866 1708 


4 


57 


496 0271 


57" 577 


750 5*3 


868 3071 


499 Bin 


577 0594 


-732 924 


-866 1345 


03 


58 


496 0902 


571 3541 


750 aa8 


868 2710 


499 8740 


577 1564 


73* 633 


8660981 


02 


59 


496 1534 


571 4506 


749 93* 


868 2349 


499 9370 


577 2533 


732 342 


866 0618 


ox 


60 


0-496 2165 


0-571 547i 


1-749 637 


0-868 1988 


0-500 oooo 


0-577 3503 


1-732 051 


0-866 0254 


00 

B 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 




d 


631-633 


965-960 


395-300 


361-358 


629-632 


970-965 


291-296 


364-361 


d 



4" 01' 



4" 00"" 



C-61 



5-442 



2 h 01' 



d 


630-628 


969-975 


2908-2866 


363-367 


629-626 


974-980 


2865-2824 


366-369 


d 




sin 


tan 


cot 


cos 


sin 


tan 


cot 


cos 




s 

00 


0-500 oooo 


o-577 3503 


1-732 0508 


0-866 0254 


0-503 7740 


0-583 1828 


1-7147283 


0-863 8355 


60 


OI 


500 0630 


577 4472 


731 7600 


865 9890 


503 8368 


583 2802 


7144418 


863 7989 


59 


02 


500 1260 


577 5442 


731 4692 


865 9527 


503 8996 


583 3777 


714 1554 


863 7622 


58 


03 


500 1889 


577 6412 


731 1785 


865 9163 


503 9624 


583 4752 


713 8690 


863 7256 


57 


04 


500 2519 


577 7382 


730 8878 


865 8799 


504 0252 


583 5726 


713 5827 


863 6889 


56 


05 


0-500 3149 


o-577 8352 


1-7305973 


0-865 8435 


0-504 0880 


0-583 6701 


1-713 2965 


0-863 6523 


55 


06 


500 3778 


577 9322 


730 3068 


865 8072 


504 1508 


583 7676 


713 0103 


863 6156 


54 


07 


500 4408 


578 0292 


730 0164 


865 7708 


504 2137 


-583 8652 


712 7242 


863 5789 


53 


08 


500 5037 


578 1262 


729 7260 


865 73M 


504 2765 


583 9627 


712 4382 


863 5423 


52 


09 


500 5667 


578 2233 


729 4358 


865 691*0 


504 3392 


584 0602 


712 1523 


863 5056 


Si 


IO 


0-500 6297 


0-578 3203 


1-729 1456 


0-865 6616 


0-504 4020 


0-584 1577 


1-711 8664 


0-863 4689 


50 


II 


500 6926 


578 4174 


-728 8555 


865 6252 


504 4648 


5842553 


711 5806 


863 4322 


49 


12 


500 7556 


5785144 


728 5654 


865 5887 


504 5276 


584 3528 


711 2949 


863 3956 


48 


13 


500 8185 


5786115 


728 2754 


865 5523 


504 5904 


584 454 


711 0092 


863 3589 


47 


14 


500 8814 


578 7085 


727 9855 


865 5159 


-504 6532 


584 5479 


710 7237 


863 3222 


46 


15 


0-500 9444 


0-578 8056 


1-7276957 


0-865 4795 


0-504 7160 


0-584 6455 


1-710 4381 


0-863 2855 


45 


16 


501 0073 


578 9027 


727 4060 


865 4430 


-504 7788 


584 743i 


710 1527 


863 2488 


44 


17 


501 0703 


578 9998 


727 1163 


865 4066 


5048415 


584 8407 


709 8673 


863 2120 


43 


18 


501 1332 


579 0969 


726 8267 


865 3702 


-504 9043 


584 9383 


709 5820 


863 1753 


42 


19 


501 1961 


579 194 


726 5371 


865 3337 


504 9671 


585 0359 


709 2968 


863 I 3 86 


4i 


20 


0-501 2591 


0-579 2912 


1-7262477 


0-865 2973 


0-505 0298 


0-585 1335 


1-709 oi 16 


0-863 IOI9 


40 


21 


501 3220 


579 3883 


725 9583 


865 2608 


505 0926 


585 23H 


708 7266 


863 0652 


39 


22 


501 3849 


579 4854 


725 6689 


865 2244 


505 1554 


585 3288 


708 4415 


863 0284 


38 


23 


501 4478 


579 5826 


.725 3797 


865 1879 


505 2181 


585 4264 


708 1566 


862 9917 


37 


24 


501 5107 


579 6797 


725 0905 


865 1514 


505 2809 


585 5241 


707 8717 


862 9549 


36 


25 


o-Soi 5737 


0-579 7769 


1-724 8014 


0-865 1149 


0-505 3436 


0-585 6217 


1-707 5869 


0-862 9182 


35 


26 


501 6366 


579 8741 


724 5124 


865 0785 


505 4064 


585 7194 


707 3022 


862 8814 


34 


27 


501 6995 


579 97" 


724 2234 


86s 0420 


505 4691 


5858171 


707 0175 


862 8447 


33 


28 


501 7624 


580 0684 


723 9346 


865 0055 


505 539 


585 9H8 


706 7329 


862 8079 


32 


29 


501 8253 


580 1656 


723 6457 


864 9690 


505 5946 


586 0124 


706 4484 


862 7712 


3i 


30 


0-501 8882 


0-580 2628 


1-723 3570 


0-864 9325 


0-505 6574 


0-586 no: 


1-706 1640 


0-862 7344 


3. 


31 


501 95ii 


580 3600 


723 0683 


864 8960 


505 7201 


586 2078 


705 8796 


862 6976 


29 


32 


502 0140 


580 4573 


722 7797 


864 8595 


505 7828 


586 3056 


70S 5953 


862 6608 


28 


33 


502 0769 


580 5545 


722 4912 


864 8230 


55 8456 


586 4033 


705 3110 


862 6240 


27 


34 


502 1398 


580 6517 


722 2028 


864 7865 


505 9083 


586 5010 


705 0269 


862 5873 


26 


35 


0-502 2026 


0-580 7490 


I-72I 9144 


0-864 7500 


0-505 9710 


0-586 5988 


1-704 7428 


0-862 5505 


25 


36 


502 2655 


580 8462 


721 6261 


8647134 


506 0338 


586 6965 


704 4587 


862 5137 


24 


37 


502 3284 


580 9435 


721 3378 


864 6769 


506 0965 


586 7943 


704 1748 


862 4769 


23 


3 


502 3913 


581 0408 


721 0497 


864 6404 


506 1592 


586 8920 


703 8909 


862 4401 


22 


39 


502 4542 


581 1380 


720 7616 


8646038 


506 2219 


586 9898 


703 6071 


862 4032 


21 


40 


0-502 5170 


0-581 2353 


1-7204736 


0-864 5673 


0-506 2846 


0-587 0876 


1-703 3233 


0-862 3664 


2O 


4i 


502 5799 


581 3326 


720 1856 


864 5308 


506 3473 


587 1854 


703 0397 


862 3296 


J 9 


4* 


502 6428 


581 4299 


719 8978 


864 4942 


506 4101 


587 2832 


702 7560 


862 2928 


18 


43 


502 7057 


581 5272 


719 6100 


8644576 


506 4728 


587 3810 


702 4725 


862 2560 


17 


44 


502 7685 


581 6245 


719 3222 


864 4211 


506 5355 


587 4788 


702 1890 


862 2191 


16 


45 


0-502 8314 


0-581 7219 


1-719 0346 


0-864 3845 


0-506 5982 


0-587 5766 


1-701 9056 


0-862 1823 


15 


46 


502 8942 


581 8192 


718 7470 


864 3480 


506 6609 


587 6745 


701 6223 


862 1454 


14 


47 


502 9571 


581 9165 


7i8 4595 


8643114 


506 7236 


587 7723 


701 3391 


862 1086 


*3 


48 


503 0199 


5820139 


718 1720 


864 2748 


506 7863 


587 8702 


701 0559 


862 0717 


12 


49 


503 0828 


582 1113 


717 8847 


864 2382 


506 8489 


587 9680 


700 7728 


862 0349 


ii 


50 


0-503 1456 


0-582 2086 


I-7I7 5974 


0-864 2016 


0-506 9116 


0-588 0659 


1-700 4897 


0-861 9980 


10 


Si 


503 2085 


582 3060 


7i7 3ioi 


864 1650 


506 9743 


588 1638 


700 2067 


861 9612 


09 


5* 


503 2713 


582 4034 


717 0230 


864 1284 


507 0370 


588 2616 


699 9238 


861 9243 


08 


53 


503 3342 


582 5008 


7i6 7359 


864 0918 


507 0997 


588 3595 


699 6410 


861 8874 


07 


54 


503 3970 


582 5982 


716 4489 


864 0552 


507 1624 


588 4574 


699 3582 


861 8505 


06 


55 


0-503 4598 


0-582 6956 


1-716 1619 


0-864 0186 


0-507 2250 


0-588 5553 


1-699 755 


0-861 8136 


05 


56 


503 5227 


582 7930 


7i5 8751 


863 9820 


507 2877 


588 6533 


698 7929 


861 7768 


04 


57 
58 


503 5855 
503 6483 


582 8904 
-582 9879 


715 5883 
715 3016 


863 9454 
863 9088 


507 3504 
SO? 4130 


588 7512 
588 8491 


698 5104 
698 2279 


86 i 7399 
861 7030 


03 
02 


59 


503 7H2 


583 0853 


715 0149 


863 8721 


507 4757 


-588 9471 


697 9455 


861 6661 


01 


60 


0-503 7740 


0-583 1828 


1-7147283 


0-863 8355 


0-507 5384 


0-589 0450 


1-697 6631 


0-86 1 6292 


00 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 


8 


d 


628-630 


975-969 


2866-2908 


367-363 


626-629 


980-974 


2824-2865 


369366 


d 



C-62 



3" 59" 



3 h 58 m 



s 

00 
01 
02 

03 
04 

05 
06 

07 
08 
09 

10 
II 
12 
'3 
14 

IS 

16 

17 

18 
'9 

20 
21 
22 
23 
24 

as 

26 
27 
28 
29 

30 
3i 
32 
33 
34 

35 
36 
37 
38 
39 

40 



627-625 



sin 



43 
44 

45 
46 
47 
48 

49 
50 

52 
53 
54 

55 
56 
57 
58 
59 

6o 



0-507 5384 
507 6010 
507 6637 
507 7263 
507 7890 

0-507 8516 
507 9H3 
507 9769 
508 0396 

508 1022 

0-508 1648 
508 2275 
508 2901 
508 3527 
"SOS 4153 

0-508 4780 
508 5406 
508 603Z 
508 6658 
508 7284 

0-508 7910 
508 8536 
508 9163 
508 9788 
509 0414 

0-509 1040 
509 1666 
509 2292 
509 2918 

509 3544 
0-509 4169 

5094795 
509 5421 
509 6047 
509 6672 

0-509 7298 

509 7924 
509 8549 

509 9175 
509 9800 

0-510 0426 
510 1051 
510 1677 
510 2302 
510 2928 



2 h 02-" 

979-985 I 2823-2782 I 369-372 || 625-623' 



TM 5-442 



tan 



cot 



0-589 0450 

589 1430 
589 2409 

589 3389 
589 4369 

0-589 5349 
589 6329 
589 7309 
589 8289 
589 9269 

0-590 0250 
590 1230 

59O 22H 

590 3191 
5904172 

0-590 5153 
590 6134 
5907115 

590 8096 
590 9077 

0-591 0058 
591 1039 

591 2021 

591 3002 

591 3984 

0-591 4965 

591 5947 

59' 6929 



1-697 6631 
697 3808 
697 0986 
696 8165 
6 96 5344 

1-696 2524 
695 9705 
695 6886 
695 4069 
695 1251 

1-694 8435 
694 5619 
694 2804 
693 9990 
693 7176 

I-693 4363 
093 1550 
692 8739 
692 5928 
692 3118 



COS 



3553 
5104179 
5104804 
510 5429 
5106054 

0-510 6680 
5io 7305 
510 7930 
5108555 
510 9181 

0-510 9806 
5" 0431 
511 1056 
511 1681 
511 2306 

0-511 2931 

COS 

625-627 



591 8892 

0-591 9874 
592 0857 
592 1839 
592 2821 
592 3803 

0-592 4786 
592 5768 
592 6751 
592 7734 
592 8717 

0-592 9699 
593 0682 
593 1665 
593 2649 
593 3632 



0-593 4615 
593 5598 
593 6582 
593 7565 
593 8549 

0-593 9533 
594 0517 
594 1501 
594 2485 
594 3469 

0-594 4453 
594 5437 
594 6421 
594 7406 
594 8390 

0-594 9375 

cot 

985-979 

MMMMBMMMI 

3" 57" 



1-692 0308 
691 7499 
691 4691 
691 1883 
690 9077 

1-690 6270 
690 3465 
690 0660 
689 7856 
689 5053 

1-689 2250 
688 9448 
688 6647 
688 3846 
68 1046 

1-687 8247 
687 5449 
687 2651 
686 9854 
686 7057 

1-6864261 
686 1466 
685 8672 
685 5878 
685 3085 

1-685 0293 
684 7501 
684 4710 
684 1919 
683 9130 

1-683 6341 
683 3553 
683 0765 
682 7978 
682 5192 

1-682 2406 
681 9621 
681 6837 
68 i 4054 
681 1271 



-6808489 

tan 
2782-2823 



0-861 6292 
861 5922 
861 5553 
86r 5184 
86r 4815 

0-861 4446 
86 i 4076 
86 i 3707 
861 3337 
861 2968 

0-861 2598 
861 2229 
861 1859 
861 1490 
861 1120 

0-861 0750 
I -861 0380 
861 ooio 
860 9641 
860 9271 

0-860 8901 
860 8531 
8608161 
860 7790 
860 7420 

0-860 7050 
860 6680 
860 6310 
860 5939 
860 5569 

0-860 5198 
860 4828 
860 4457 
860 4087 
860 3716 

0-860 3345 
860 2975 
860 2604 
860 2233 
860 1862 

0-860 1491 

860 II2I 
860 0750 
860 0379 
860 OOO7 

0-859 9636 
859 9265 
859 8894 
859 8523 
859 8151 

0-859 7780 
859 7409 
859 7037 

859 6666 
859 6294 

0-859 5923 
859 5551 
859 5179 
859 4808 
859 4436 



sin 
0-511 2931 

5" 3556 
5" 4181 
511 4806 
5" 5431 

0-5 n 6055 
511 6680 
511 7305 
"5" 7930 
5" 8555 



984-990 



tan 

-594 9375 
595 0359 
595 1344 
595 2329 
595 33H 

0-595 4299 
595 5284 
595 6269 
595 7255 
595 8240 



2782-274 



cot 



"5" 9179 0-595 9225 

511 9804 -596 can 

512 0429 -596 1196 

512 1053 -596 2182 

S" 1678 -596 3168 



0-512 2302 
512 2927 
512 3552 
512 4176 
512 4801 

o-Sia 5425 
512 6049 
512 6674 
512 7298 
512 7923 

0-512 8547 
512 9171 
S" 9795 
513 0420 
513 1044 

0-513 1668 
513 2292 
5J3 2916 
513 354 
513 4164 



4789 
5'3 5413 
513 6037 
513 6660 
513 7284 

0-513 79o8 
513 8532 
513 9156 
513 978o 
5140404 

0-514 1027 
514 1651 
5H 2275 
5142899 
514 3522 

0-5144146 
5144769 
514 5393 
514 6017 
514 6640 

0-514 7264 
5147887 
5H 8511 
5I49I34 
5149757 



0-8594064 0-515 0381 



sm 



372- 



cos 

623-625 



0-596 4154 
596 5HO 
596 6126 
596 7112 
596 8098 

0-596 9084 
597 0071 
597 1057 
597 2044 
597 3030 

0-597 4017 
597 5004 
597 5991 
597 6978 
597 7965 

0-597 8952 
597 9939 
598 0926 
598 1914 
598 2901 

0-598 3889 
598 4877 
598 5864 
598 6852 
598 7840 

0-598 8828 
598 9816 
599 0804 
599 1793 
599 2781 

0-599 3769 
599 4758 
599 5746 
599 6735 
599 7724 

0-599 8713 
599 9702 
600 0691 
600 1680 
600 2669 

0-600 3658 
600 4648 
600 5637 
600 6627 
600 7616 

0-600 8606 



i -680 8489 
680 5707 
680 2927 
680 014) 
679 7367 

1-679 4588 
679 1810 
678 9033 
678 6256 
678 3480 

1-678 0705 
677 7930 
677 5156 
677 2383 
676 9610 

1-676 6838 
676 4067 
676 1296 
675 8526 
675 5757 

1-675 2988 

675 0220 

674 7453 
674 4687 
674 1921 

1-673 9156 
673 6391 
673 3627 
673 0864 
672 8101 

1-672 5340 
672 2578 
671 9818 
671 7058 
671 4299 

1-671 1540 
670 8782 
670 6025 
670 3269 
670 0513 



372-375 



COS 



cot 

990-984 



1-669 7758 
669 5003 
669 2250 
668 9496 
668 6744 

1-668 3992 
668 1241 
667 8490 
667 5741 
667 2991 

1-667 0243 
666 7495 
666 4748 
666 2002 
665 9256 

1-665 6511 
665 3766 

665 1022 

664 8279 
664 5537 

1-6642795 

tan 



0-859 4064 
859 3692 
859 3320 
859 2948 
859 2576 

0-859 2204 
859 1832 
859 1460 
859 1088 
859 0716 

0-859 0344 
858 9971 
858 9599 
858 9227 
858 8854 

0-858 8482 
858 8109 
858 7737 
858 7364 
858 6991 

0-858 6619 
858 6246 
858 5873 
858 5500 
858 5127 

0-858 4754 
858 4381 
858 4008 
858 3635 
858 3262 

0-858 2889 
858 2516 
858 2143 
858 1769 
858 1396 

0-858 1022 
858 0649 
858 0276 

857 9902 

857 9528 



55 
54 
53 
52 



50 

49 
48 
47 
46 

45 
44 
43 
4* 
41 



2742-2782 



3" 56" 



0-857 9155 
857 8781 
857 8407 
857 8034 

857 7660 

0-857 7286 
857 6912 

857 6538 
857 6164 
857 5790 

0-857 5416 
857 5042 
857 4668 
857 4294 
857 3919 

0-857 3545 
857 3171 
857 2796 
857 2422 
857 2048 

0-857 1673 

sin 

375-372 



C-63 



30 
29 
28 

27 
26 

25 

*4 
23 

22 
21 

2O 
19 

18 

17 

16 

15 
14 
13 

12 
II 



09 
08 

07 
06 

05 
04 
03 
02 
OX 

00 

s 



5-442 



2" 04" 



2" 05" 



d 


624-621 


990-995 


741-2702 


374-377 


622-620 


995-1001 


702-2664 


377-380 


d 




sin 


tan 


cot 


COS 


sin 


tan 


cot 


cos 




s 

00 
OI 
02 
03 
04 


515 0381 
515 1004 
-515 1627 
-515 2251 
-sis 2874 


600 8606 
600 9596 

601 0586 
601 1576 
601 2566 


664 2795 
664 0054 
663 7313 
663 4573 
663 1834 


857 1673 
857 1298 
-857 0924 
857 0549 

857 0174 


0-518 7733 
518 8354 
518 8976 
5*8 9598 
519 0219 


606 8149 
606 9144 
607 0139 
607 1134 
607 2130 


-647 9490 
-647 6788 
-647 4087 
647 1386 
-646 8687 


-8549119 
854 874* 
.854 8364 
854 7987 
-854 7609 


60 

9 
8 

7 
6 


05 
06 

08 


515 3497 
5*5 4*20 
515 4744 
.515 5367 


601 3556 
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628 0084 
628 1098 

628 2112 
628 3127 


1-592 5925 
592 3354 
592 0783 
591 8213 
591 5643 


0-846 8900 
846 8513 
846 8126 
846 7739 
846 7353 


0-535 4583 
535 5198 
535 5812 
535 6426 
535 74 


0-634 0074 
634 1094 
634 2113 
634 3133 
-6344153 


1-577 2686 
577 0150 
576 7615 
576 5080 
576 2546 


0-844 5616 
844 5227 
844 4838 
8444448 
844 4058 


39 
28 

26 


35 
36 

37 
38 


0-532 0761 
532 1376 
532 1992 
532 2608 


0-628 4141 
628 5155 
628 6l70 
628 7185 


I-59I 3074 
591 0505 
590 7938 
59 5370 


0-846 6966 
846 6579 
846 6192 
846 5805 


0-535 7654 
535 8268 
535 8882 
535 9496 


0-634 5173 
634 6193 
6347213 
634 8233 


1-576 OOI2 

575 7479 
575 4946 
575 MM 


0-844 3669 
844 3279 
844 2890 
844 2500 


35 
*4 
23 

23 


39 


532 3223 


628 8199 


590 2804 


846 5418 


536 ono 


634 9254 


574 9883 


844 2110 


21 


40 
4t 

43 
44 


0-532 3839 
532 4454 
532 5070 
532 5686 
532 6301 


O-628 9214 
629 0229 
629 1244 
629 2259 
629 3274 


1-590 0238 
589 7672 
589 5107 
589 2543 
588-9979 


0-846 5030 
846 4643 
846 4256 
846 3869 
846 3481 


0-536 0724 
S3 6 1338 
536 1952 
536 2565 
536 3179 


0-635 0274 
635 1295 
635 2315 
635 3336 
635 4357 


1-574 7352 
574 4821 
574 2292 
573 9763 
573 7234 


0-844 1720 
844 1330 
844 0940 
844 0551 

844 0161 


20 
19 

18 

17 

16 


45 
46 


0-532 6917 
532 7532 


0'629 4290 
629 5305 


1-588 7416 
588 4854 


0-846 3094 
846 2707 


0-536 3793 
536 4407 


0-635 5378 
635 6399 


I-5734706 
573 2179 


0-843 9770 
843 9380 


15 
14 


47 
48 
49 


532 8147 
-532 8763 
532 9378 


629 6321 
629 7336 
629 8352 


588 2292 
587 973i 
587 7170 


846 2319 
846 1932 
846 1544 


536 5020 
536 5634 
536 6248 


635 7420 
635 8441 
635 9462 


572 9652 
572 7126 
572 4600 


843 8990 
843 8600 
843 8210 


13 

12 
II 


5 


0-532 9993 


0-629 9367 


1-587 4610 


0-846 1157 


0-536 6861 


0-636 0484 


1-572 2075 


0-843 7820 


IO 


5* 

53 
54 


533 0609 
533 1224 
533 1839 
533 2454 


630 0383 
630 1399 
630 2415 
630 3431 


587 2050 
586 9491 
586 6933 
5864375 


846 0769 
846 0381 
845 9994 
845 9606 


536 7475 
-536 8089 
S3 6 8702 
53693i6 


636 1505 
636 2527 
636 3548 
636 4570 


571 9550 
571 7026 
571 4503 
571 1980 


843 7429 
843 7039 
843 6649 
843 6258 


09 
08 

7 
06 


55 


0-533 37 C 


0-630 4448 


1-586 1818 


0-845 9218 


0-536 9929 


0-636 5592 


1-570 9458 


0-843 5868 


5 


56 


533 3685 


630 5464 


585 9261 


845 8830 


537 0543 


636 6614 


5706936 


843 5477 


04 


57 


533 430C 


630 6480 


585 6705 


845 8442 


537 "56 


636 7636 


5704415 


843 5086 


03 


58 
59 


5334915 
533 553C 


630 7497 
630 8513 


585 4150 
585 1595 


845 8054 
845 7666 


537 1769 
537 2383 


636 8658 
636 9680 


570 1895 
569 9375 


843 4696 
843 4305 


O2 
01 


60 


0-533 614! 


0-630 953C 


> 1-5849041 


0-845 7278 


0-537 2996 

I 


0-637 0703 


1-569 6856 


0-843 3914 


oo 

8 




COS 


cot 


tan 


sin cos 


cot 


tan 


sin 




d 


615-617 


1017-1011 


2554-2585 


388-385 || 613-615 


1023-1017 


2519-2554 


391-388 


d 



C-66 



3" SI- 



50" 



TM 5-442 



08 



sm 

. 

[ 0-537 2996 
537 3609 
537 4223 
537 4836 
537 5449 

| 0-537 6062 
537 6676 
537 7289 
537 7902 
537 8515 

10 J 0-537 9128 

11 '537 9741 
-538 0354 
X 3 -538 0967 
M -538 1580 

15 0-538 2193 

* -538 2806 

*l -538 3419 

-538 4031 

i -5384644 

I *> 0-538 5357 

-538 5870 

M -538 6482 

. a 3 -538 7095 

I "4 -5387708 



*S 0-538 8320 

! -5388933 

, *l -538 9546 

I ** -539 0158 

9 -539 0771 

30 0-539 1383 

1 3' -539 1996 

3* -539 2608 

33 -539 3221 

34 -539 3833 

, 35 0-539 4445 

3* -539 5058 

1 37 -539 5670 

3 8 -539 6282 

39 -539 6894 

4 0-539 7507 

4* -5398119 

! 4* -539 8731 

I 43 J -539 9343 
539 9955 



tan 



0-637 0703 
637 1725 
637 2748 

637 3770 
637 4793 

0-637 5816 
637 6839 
637 7862 
637 8885 
637 9908 

0-638 093! 
638 1954 
638 2978 
638 4001 
638 5025 

0-638 6049 
638 7073 
638 8097 
638 912* 
639 0145 

0-639 "69 
639 2193 
639 3218 
639 4242 
639 5267 



cot 



I 0-540 0567 
540 1179 
540 1791 
540 2403 
540 3015 

I 50 I 0-540 3627 
5 -5404239 

s* -5404851 

, *3 -540 5463 

54 -540 6074 

55 0-540 6686 

56 -540 7298 

57 I -540 79io 

540 8521 
540 9133 
| 60 J 0-540 9745 

COS 



0-639 6292 
639 73i6 
639 8341 
639 9366 
640 0391 

0-640 1416 
640 2442 
640 3467 
640 4493 
64055!8 

0-640 6544 
640 7569 
640 8595 
640 9621 
641 0647 

0-641 1673 
641 2700 
641 3726 
641 4752 
641 5779 



1-569 6856 
569 4337 
569 1819 
568 9301 
568 6784 

1-5684268 
568 1752 
567 9237 
567 6722 
567 4208 

'567 1694 
566 9181 
566 6669 
566 4157 
566 1646 

'565 9135 
565 6625 
565 4"5 
565 1606 
564 9098 

1-564 6590 
564 4083 
564 1576 
-563 9070 
563 6564 



390-394 



cos 



611-614 



0-641 6806 
641 7832 
641 8859 
641 9886 
642 0913 

0-642 1940 
642 2967 

642 3994 
642 5022 
642 6049 

0-642 7077 
642 8105 
642 9133 
643 0160 
643 n88 

0-643 2216 

cot 



"563 4059 
563 1555 
562 9051 
562 6548 
562 4045 

I- 562 1543 
561 9041 
561 6540 
561 4040 
561 1540 

1-560 9040 
560 6542 
560 4043 
560 1546 
559 9049 
'5596553 
559 4056 
559 1561 
558 9066 
558 6572 

558 1585 
557 9093 
557 6601 
S574I09 



0-843 3914 
843 3524 
"843 ,3133 
843 2742 
84* 2351 

0-8/3 1960 
843 1569 
?43 1178 
-43 0787 
'843 0396 

0-843 0005 
842 9614 
842 9222 
842 8831 
842 8440 

0-842 8048 
842 7657 
842 7266 
842 6874 
842 6482 

0-842 6091 
842 5699 
842 5307 
842 4916 
842 4524 



0-540 9745 
541 0356 
54i 0968 
541 1579 
541 2191 

0-541 2802 
541 34H 
54i 4025 
541 4637 
541 5248 

'54i 5859 
541 6471 
541 7082 
541 7693 
541 8305 

0-541 8916 
541 9527 
542 0138 
542 0749 
542 1360 



tan 



cot 



556 9128 
556 6639 
556 4149 
556 1661 

1-555 9173 
555 6685 
555 4199 
555 1712 
554 9226 

1-554 6741 

tan 



0-842 4132 
842 3740 
842 3348 
842 2956 
842 2564 

0-842 3172 
842 1780 
842 1388 
842 0996 
842 0604 

0-8420211 
841 9819 
841 9427 
841 9034 
841 8642 

0-841 8249 
841 7857 
841 7464 
841 7072 
841 6679 

841 5893 
841 5501 
841 5108 
841 4715 



0-542 1971 
542 2582 
542 3"93 
542 3804 
542 4415 

0-542 5026 
542 5637 
542 6248 
542 6859 
542 7470 

0-542 8080 
542 8691 
542 9302 
542 9913 
543 0523 

*543 H34 
543 1744 
*543 2355 
543 2966 
543 3576 

0-543 4187 
543 4797 
543 5408 
543 6018 
543 6628 



0-643 2216 
643 3244 
643 4273 
643 5301 
643 6329 

0-643 7358 
643 8386 
643 94rs 
6440444 
644 H73 

0-644 2502 
6 44 3531 
644 456o 
644 5590 
644 6619 

0-644 7648 
644 8678 
644 9708 
645 0737 
64S J767 



0-645 2797 
6 4S 3827 
645 4858 
645 5888 
645 6918 

0-64S7949 
645 8979 
646 ooio 
646 1041 
646 2071 

0-646 3102 

646 4133 
646 5165 
646 6196 
646 7227 

0-646 8259 

646 9290 

647 0322 
647 1353 
647 2385 



1-5546741 

554 4257 
554 1773 
553 9289 
553 6806 

1-5534324 
553 1842 
552 936i 
552 6880 
552 4400 

1-552 1920 
55* 9441 
551 6963 
55' 4485 
55" 2007 

'550 9531 
55 7054 
550 4579 
'55 2103 
549 9629 



COS 



0-841 4322 
841 3929 
841 3536 
'841 3143 
841 2750 

0-841 2357 
841 1963 
841 1570 
841 1177 
841 0784 

0-841 0390 

sin 



0-543 7239 
543 7849 
543 8459 
543 9069 
543 9680 

0-544 0290 
5440900 
544 1510 
544 2120 
544 2730 

o-544 3340 
544 3951 
544 456i 
544 5170 
544 578o 



' 6 47 3417 
647 4449 

647 5481 
647 6514 
647 7546 



'549 7155 
549 4681 
549 2209 
548 9736 
548 7264 

J '548 4793 
548 2323 
547 9852 
547 7383 
547 4914 

1-547 2445 
546 9978 
546 75io 
546 5044 
546 2577 

1-5460112 
545 764? 
545 582 
545 2718 
545 0255 



0-841 0390 
840 9997 
840 9603 
840 9210 
840 8816 

0-840 8423 
840 8029 
840 7635 
8407341 
840 6848 

0-840 6454 
840 6060 
840 5666 
840 5272 
840 4878 

0-840 4484 | 
840 4090 
840 3 69C 
840 3302 , 
840 2907 



46 



0-840 2513 
840 2119 . 
840 1724 
840 1330 
840 0936 I 

0-840 0541 
840 0147 | 
839 9752 j 
839 9357 | 
839 8963 

0-839 8568 
839 8173 
839 7778 
839 7383 
839 6989 j 

0-839 6594 | 
839 6199 j 
839 5804 
839 5409 
839 5013 



36 



0-647 8578 
647 961 1 
648 0643 
648 1676 
648 2709 

0-648 3742 

6484775 
648 5808 
648 6841 
648 7874 

0-648 8908 
648 9941 
649 0975 
649 2008 
649 3042 



11 544 7792 
544 5329 
544 2867 
544 0406 
543 7946 

I- 543 5485 
543 3026 
543 0567 
542 8108 
542 5650 

1-5423*93 
542 0736 
54i 8280 
541 5824 
541 3369 

1-541 0914 
540 8460 
540 6007 
540 3554 
540 1 102 



0-544 6300 0-649 4076 [ 1-539 8650 

4 __ 

cos I cot I tan 



0-83946181 
839 4223 
839 3828 

839 3433 
839 3037 

0-839 2642 
839 2246 
839 1851 
839 1455 
839 1060 | 

0-839 0664 
839 0269 
838 9873 
838 9477 j 
838 9081 

0-838 8685 
838 8290 
838 7894 j 03 
838 7498 
838 7102 



0-838 6706 oo 



3" 49- 



3" 48" 



sin 



C-67 



TM 5-442 



2" 12 m 



2* 13" 





1" 

1034-1040 


.MMV** 
Z452-24I9 


" r 
396-399 


MM'*'*T*^^ BI " n T' 
609-606 I040-I046 


^^IIH IIHIIIH 

2419-2387 


399-40* 


d 


d 


610-608 




sin 


tan 


cot 


cos 


sin 


tan 


cot 


COS 




8 ~ 
00 < 
01 
02 
03 
04 


5.544 6390 
.5447000 

544 ?6"> 
544 8320 

544 8830 


3-649 4076 
649 5110 
-649 6144 
-649 7178 
649 8212 


1-539 8650 
539 6198 
539 3748 
539 "97 
-538 8848 


-838 6706 
8386310 
838 5913 
838 5517 

-838 5121 


0-548 2932 
548 3540 
- S4 8 4149 

548 4757 
548 5365 


3-655 6287 
655 7327 
655 8367 
655 9407 
656 0447 


1-525 2535 < 
525 0116 
524 7698 
524 5280 
524 2863 


1-836 2862 
836 2463 
836 2064 
836 1665 
.836 1266 


60 

59 
58 
57 
S* 


05 
06 

07 
08 

09 


t>'544 9439 
545 0049 
545 o6S9 
545 1*69 
545 J8?8 


0-649 9247 
650 0281 
650 1316 
650 2350 
650 3385 


I-538 6399 
538 395<> 
-538 1502 

537 9054 
.537 6608 


0-838 4725 
-838 4328 
8383932 
8383536 
838339 


0-548 5973 
-548 6581 
548 7189 
548 7797 
-548 8405 


0-656 1488 
-656 2528 
656 3568 
656 4609 
656 5650 


1-5240446 
523 8030 
523 5615 
523 3o 
523 0785 


5-836 0867 
836 0468 

836 0069 

835 9670 
835 9271 


55 
54 
53 
53 
51 


xo 
II 

13 
13 
14 


0-545 2488 
545 3097 
545 3707 
545 4317 
545 49*6 


0-650 4420 

650 5455 
650 6490 
650 7525 
650 8560 


1-537 4161 

537 HIS 
536 9270 
536 6825 
536 438i 


0-8382743 
8382346 
838 1950 
8381553 
8381156 


0-548 9012 
548 9620 
549 0228 
549 0836 
549 1444 


0-656 6690 
656 7731 
656 8772 
656 9813 
657 0854 


1-5228371 
522 595 s 
522 3545 
522 H33 
521 8721 


0-835 8872 
835 8473 
835 8074 
835 7674 
835 7275 


50 
49 
4 
47 
46 


IS 

16 

7 
18 

Z 9 


0-545 5536 
545 6i4S 
545 6754 
545 7364 
545 7973 


0-650 9596 
651 0631 
651 1667 
651 2702 
651 3738 


1-536 1937 
535 9494 
535 70S* 
535 46*0 
-535 2168 


0-8380760 
8380363 
8379966 
8379569 
8379172 


0-549 2051 
549 2659 
549 3267 
549 3875 
549 4482 


0-657 1896 
657 2937 

657 3979 
657 5020 
657 6062 


1-521 6310 
521 3899 
521 1489 
5209079 
520 6670 


0-835 6876 
835 6476 
835 6077 
835 5677 
835 5278 


45 
44 
43 
4* 
4* 


ao 

31 
33 
33 
*4 


0-545 8583 
545 9192 
545 9801 
546 0410 
546 1020 


0-651 4774 
651 5810 
651 6846 
-651 7882 
651 8918 


1-5349727 
534 7287 
5344847 
534 248 
533 99 6 9 


0-8378775 
8378378 
8377981 
837 7584 
837 7i87 


0-549 5090 
549 5697 
; '549 6305 
549 6912 
549 7530 


0-657 7"3 
657 8i45 
657 9187 
658 0229 
658 1271 


1-520 4261 
520 1853 
519 9446 

519 739 
5194632 


0-835 4878 
835 4478 
835 4079 
835 3679 
835 3279 


40 
39 
38 
37 
36 


as 

36 

a? 

5 


546 1629 
546 3238 
.546 2847 

54 6 3456 
.546 4065 


0-651 9954 
652 0991 
-652 2027 
652 3064 
652 4101 


1-533 7531 
533 5093 
533 2656 
-533 0219 
532 7783 


0-837 6790 
837 6393 
837 5996 
837 5598 
837 5201 


0-549 8127 
549 8735 
549 9343 
549 9950 
550 0557 


0-658 2314 
658 3356 
658 4399 
658 5441 
-658 6484 


1-519 2236 
518 9821 
-5187416 
518 5012 
518 2608 


0-835 2879 
835 2480 
.835 2080 
835 1680 
835 1280 


35 
34 
33 
3* 
3i 


3. 
3* 
3* 

s 


546 4674 
.546 5283 
.546 5892 
546 6501 
5467110 


0-652 5137 
652 6174 
-652 7211 
-652 8248 
652 9286 


1-532 5348 
532 2913 
532 0479 
53* 8045 
-531 5611 


0-837 4804 
8374406 
837 4009 
837 36n 
837 3*H 


0-550 1164 
550 I77i 
550 2379 
-550 2986 
550 3593 


658 7526 
-658 8569 
658 9612 
659 0655 
659 1698 


1-518 0205 
5177802 
-517 5400 
-5172998 
5170597 


0-835 0880 
835 0480 
835 0080 
834 9679 

?34 9279 


30 
39 
38 

a? 
36 


35 
36 
37 
38 
39 


0-546 7719 
.546 8328 
546 8937 
54 6 954 6 
5470154 


0-653 0323 
653 1360 
653 2398 
653 3435 
653 4473 


I-53I 3179 
53 1 746 
530 831 
530 5884 
530 345 


0-837 2816 
837 2418 

837 2021 
837 1623 
837 1225 


0-5504200 
550 4807 
550 54^5 
550 6022 
-550 6629 


0-659 2742 
659 3785 
-659 4829 
659 5872 
659 6916 


1-516 8196 
516 5796 
.516 3396 
.516 0997 
5^5 8599 


0-834 8879 
834 8479 
834 8078 
834 7678 
834 7277 


35 

24 
*3 

33 

21 


40 
4 
43 
43 
44 


0-547 0763 
547 1372 
547 1981 
547 2589 
547 3^98 


0-653 55" 
653 6549 
653 7587 
653 8625 
653 9663 


1-530 102 
529 859 

529 616- 
529 373< 
529 ^30 


0-837 Ogi? 
837 0429 
837 0032 
836 9634 
836 9236 


0-5507236 
550 7843 
550 8450 
55 9057 
550 9663 


0-659 796o 
659 9003 
660 0047 
660 1091 
660 2136 


1-515 6201 

515 3803 
515 1407 
5149010 
5146614 


0-834 6877 
834 6476 
-834 6076 
834 5675 
834 5275 


30 
19 

18 

17 

16 


45 
46 
47 
48 
49 


0-547 3807 
54744IS 
547 5024 
547 5632 
547 6241 


0-654 0701 
-654 1740 
654 2778 
.654 3817 
654 4855 


1-528 8881 
528 6454 
528 4028 
528 1602 
527 9177 


0-836 8838 
836 8439 
-836 8041 
836 7643 
-836 7245 


0-551 0270 
-551 0877 
551 1484 
551 2091 
551 2697 


0-660 3180 
660 4224 
660 5269 
660 6313 
660 7358 


1-5144219 
514 1824 
513 943 
513 7036 

513 4643 


0-834 4874 
834 4473 
-834 4072 
834 3672 
834 327i 


*5 
14 

13 

13 

IS 


SO 
5i 

5* 
53 
54 


0-547 6849 
547 7458 
547 8066 
-547 8674 
547 9283 


0-654 5894 
-654 6933 
654 7972 
-654 9011 
-655 oosc 


1-527 6752 
52? 4328 
527 1904 
526 9481 
526 7059 


0-836 6847 
-836 6448 
836 6050 
836 5652 
836 5253 


o-SS 1 334 
-551 3911 
SB* 45i8 
551 54 
551 5731 


0-660 8403 
660 9447 
66 i 0492 
661 1537 
661 2583 


1-513 2250 
5129858 
512 7466 
512 5075 
512 2685 


0-834 2870 
-834 2469 
834 2068 
834 1667 
834 1266 


IO 

09 
08 
07 
06 


55 
56 
57 
58 
59 


0-547 9891 
548 049? 
548 iiof 
-548 i?i< 
.548 232^ 


0-655 108? 

655 212? 

655 3168 

655 420! 
655 524' 


1-5264637 
526 2215 
525 9794 
525 737^ 
525 4951 


0-836 4855 
836 4456 
I -836 4058 
I -836 3659 
(. -836 3260 


0-551 6337 
551 6944 
551 755< 
SSi 815- 
551876. 


0-661 3628 
66 i 4673 
661 571? 
66 1 6764 
661 781: 


1-512 0294 
511 7905 
> -5" 55^ 
|. -5H 312' 
> -S'l 73^ 


0-834 86f 
-834 046: 
834 006; 
833 966 
833 926< 


05 
04 

I 03 

O3 
\ OS 


6e 


0-548 293 


0-655 628 


1-525 253. 


5 0-836 2862 jj 0-551 937 
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1-450 4850 
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4464397 
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819 0686 


577 2640 


706 9482 


414 5307 


816 5576 


58 


03 


573 7551 


700 5327 


4274851 


819 0269 


577 3233 


707 0573 


414 3125 


816 5156 


57 


04 


573 814? 


700 6411 


427 2642 


818 9852 


577 3827 


707 1664 


4140943 


816 4736 


S^ 


OS 


o-573 8743, 


0-700 7496 


1-427 0433 


0-818 9434 


0-5774421 


0-707 2755 


1-413 8762 


0-816 4316 


55 


06 


573 9338 


700 8580 


426 8226 


818 9017 


577 5015 


707 3846 


413 6582 


816 3897 


54 


7 


573 993,4 


700 9664 


426 6018 
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424 6171 
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1-4*37362 
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0-708 9133 
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702 4859 
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578 3917 


709 0225 
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815 7592 
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702 5945 
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36 


as 


0-575 0647 
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0-709 4597 
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26 
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421 9766 
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578 8069 
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421 7569 


817 9406 
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3 
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0-703 4638 
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703 5725 
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817 8569 
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710 H59 
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817 8151 
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815 2963 
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0-817 6895 
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579 2812 


710 6630 


407 1367 


8l5 1278 


a4 


37 


575 7785 


704 2251 
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817 5639 
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41 
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817 3963 
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711 3199 
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814 8750 
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704 8780 


418 6852 


817 3544 


579 6960 


711 4294 
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44 
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704 9869 
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405 4044 


814 7906 
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0-705 0957 
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46 
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817 2287 
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817 0191 


580 1700 


712 3060 


403 8910 
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576 7888 
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0-706 1850 
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56 


576 9076 
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57 
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402 5955 
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415 4040 
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02 


59 


577 0858 


706 6211 
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813 7775 
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813 6084 
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581 9456 
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582 0047 
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396 9998 
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582 8323 


717 2505 
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812 2532 
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809 5296 


12 


49 


583 6003 


718 6832 


391 4337 


812 0411 


587 1379 


725 3210 


378 6998 


809 4869 


II 


5<> 


0-583 6593 


0-718 7935 


1-391 2202 


0-8 1 1 9986 


0-587 1968 


0-725 4320 


1-378 4889 


0-809 4442 


IO 


51 


5837184 


718 9038 


391 0068 


8u 9562 


587 2556 


725 5430 


378 2780 


809 4015 


09 


5* 


583 7774 


719 0141 


3907934 


811 9137 


587 3145 


725 654 


378 0672 


809 3588 


08 


S3 


5838365 


719 1244 


390 5800 


811 8713 


587 3733 


725 7650 


377 8564 


809 3161 


07 


54 


583 8955 


719 2347 


-390 3667 


8 1 1 8288 


587 4322 


725 8761 


377 6456 


809 2734 


06 


55 


0-S839545 


0-719 3451 


1-390 1534 


0-811 7864 


0-587 4910 


0-725 9871 


J'3774349 


0-809 2307 


05 


56 


584 0136 


719 4554 


389 9401 


8ri 7439 


587 5499 


726 0982 


377 2242 


809 1879 


04 


57 


584 0726 


719 5658 


389 7270 


8n 7014 


587 6087 


726 2093 


377 0136 


809 1452 


3 


58 


584 1316 


719 6762 


3895138 


811 6589 


-587 6676 


726 3202 


376 8030 


809 1025 


02 


59 


584 1906 


719 7866 


389 3007 


811 6165 


587 7264 


7264314 


376 5924 


809 0597 


OI 


60 


0-584 2497 


0-719 8970 


1-389 0876 


0-811 5740 


0-587 7853 


0-726 5425 


1-376 3819 


0-809 0170 


00 

8 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 




d 


590-592 


1104-1097 


2131-2156 


425-422 


588-590 


1111-1104 


2105-2130 


428-425 


d 



3" 37' 



3" 36' 



G-73 



5-442 



2" 24' 



2" 25 m 



d 


589-586 


111-1118 


2105-2080 


427-430 


587-584 


118-1126 


080-2056 


430-433 


d 




sin 


tan 


cot 


cos 


sin 


tan 


cot 


cos 




8 
OO 
01 
02 

03 
04 


587 7853 
587 8441 
587 9029 
587 9617 
588 0206 


726 5425 
726 6536 
726 7648 
726 8759 
726 9871 


1-376 3819 
-376 1715 
375 9610 
375 75& 
375 5403 


809 0170 
808 9742 
808 9315 
808 8887 
808 8460 


0-591 3096 
591 3683 
591 4269 
591 4856 
591 5442 


733 2303 
733 3422 
733 454 
733 5658 
733 6777 


363 8279 
363 6199 
363 4120 
363 2041 
.362 9963 


806 4446 
806 4016 

-806 3586 

806 3156 
806 2726 


60 

9 
8 

7 
6 


05 
06 
O? 
08 
09 


588 0794 
588 1382 
5 88 1970 
588 2558 
5 88 3146 


727 0982 
727 2094 
-727 3206 
-7274318 
727 5430 


1-375 33 
375 "97 
374 9095 
374 6994 
374 4892 


808 8032 
808 7604 
808 7177 
808 6749 
808 6321 


0-591 6028 
591 6615 
591 7201 
591 7787 
591 8373 


733 7896 
733 9015 

734 1253 
734 2372 


362 7885 
362 5807 
362 3730 
362 1653 
361 9577 


"806 2295 

-806 1865 

-806 1435 
806 1005 
806 0574 


55 
54 
53 
52 
i 


IO 

II 

12 
13 
14 


588 3734 
588 4322 
588 4910 
588 5498 
-588 6086 


0-727 6542 
727 7654 
727 8767 
727 9879 
728 0992 


I-374279I 
374 0691 
373 8591 
3736491 
3734392 


808 5893 
808 5465 
808 5037 

808 4609 
808 4181 


0-591 8960 
591 9546 
-592 0132 
592 0718 

592 1304 


0-734 3491 
-7344611 
734 5730 
734 6850 
734 7970 


361 7501 
361 5425 
361 3350 
361 1276 
360 9201 


806 0144 

805 9713 
805 9283 
-805 8852 

805 8422 


5 
49 
48 
47 
46 


15 

16 

17 
18 

19 


0-588 6674 
588 7262 
588 7850 
588 8437 
588 9025 


0-728 2105 
728 3218 
728 4331 

728 5444 
728 6557 


1-373 2293 
3730195 
372 8097 

372 5999 
372 3902 


0-808 3753 
808 3325 
808 2897 
808 2469 
808 2041 


0-592 1890 
592 2476 
592 3062 
592 3648 
592 4234 


0-734 9090 
735 0210 
735 1330 
735 2450 
735 3571 


1-360 7127 
360 5054 
360 2981 
360 0908 
359 8836 


0-805 7991 
805 7560 
805 7130 
805 6699 

805 6268' 


45 
44 
43 
42 
41 


20 

21 
22 
23 
24 


0-588 9613 

589 0201 
-589 0788 
589 1376 
-589 1964 


0-728 7671 
-728 8784 
728 9898 

729 1012 
729 2125 


1-372 1806 
371 9709 
371 7613 
371 55i8 
371 3423 


0-808 1612 
808 1184 
808 0756 
808 0327 
807 9899 


0-592 4819 
592 5405 
592 5991 
592 6577 
592 7163 


o-735 4091 
'735 5812 
735 6933 
735 8053 
735 9174 


1-359 6764 
3594093 
359 2622 

3590551 
358 8481 


0-805 5837 
805 5406 
805 4975 
805 4544 
805 4113 


40 
39 
38 
37 
36 


25 
26 

27 

28 

29 


0-5892551 
5893139 
589 3726 
589 43H 
589 4901 


0-729 3239 

729 4354 
729 5468 
729 6582 
729 7697 


1-371 1328 
370 9234 
370 7140 
370 547 
370 2954 


0-807 9470 
807 9042 
8078613 
807 8185 
=807 7756 


0-592 774 8 
592 8334 
-592 8920 
592 9505 
593 0091 


0-736 0296 
-736 1417 
736 2538 
736 3660 
736 4781 


1-358 6411 
-358 4342 
-358 2273 
358 0204 
3578136 


0-805 3682 
-805 3251 
805 2820 
805 2389 
805 1958 


35 
34 
33 

32 


30 
31 

3* 
33 
34 


0-589 5489 
589 6076 
5896663 
589 7251 
589 7838 


0-729 8811 
729 9926 
730 1041 
730 2155 
730 3271 


1-370 0862 
369 8769 
369 6678 
369 4586 
369 2496 


0-807 7327 
807 6898 
807 6470 
807 6041 
807 5612 


0-593 0676 
593 1262 
593 1847 
593 2433 
593 3018 


o-73 6 5903 
736 7025 
736 8147 
-736 9269 
737 0391 


1-357 6068 
357 4001 
357 1934 
356 9867 
356 7801 


0-805 1526 
805 1095 
805 0664 
805 0232 
804 9801 


29 
28 

27 

26 


35 
36 
37 
38 
39 


0-589 8425 
589 9012 
589 9600 
590 Ol87 
590 0774 


0-730 4386 
730 55i 
730 6616 
730 7732 
-730 8848 


1-369 0405 
368 8315 
368 6226 
3684136 
368 204? 


0-807 5183 
807 4754 
807 4325 
807 3896 
807 3467 


o-593 3604 
593 4189 
5934774 
593 5359 
593 5945 


o-737 1513 
737 2636 
737 3758 
-7374881 
737 6004 


I-3565735 
356 3670 
356 1605 
355 954i 
355 7477 


0-804 9369 
804 8938 
804 8506 
804 8075 
804 7643 


22 
21 


40 
41 
42 
43 
44 


0-590 1361 
590 1948 

590 2535 
590 3122 
.590 3709 


0-730 9963 
731 1079 
731 2195 
731 33" 
731 4428 


1-367 9959 
-367 7871 
307 5784 
-367 3697 
367 1610 


0-807 3038 
807 2609 
807 2179 
807 1750 
807 1321 


0-593 6530 
593 7"5 
593 77oo 
593 8285 
593 8871 


0-737 7127 
737 8250 
737 9373 
738 0496 
738 1620 


1-355 54i3 
355 3350 
355 1287 
354 9224 
354 7162 


0-804 7211 
804 6780 
804 6348 
8045916 
804 5484 


20 
19 

18 
16 


45 
46 


0-590 4296 
590 4883 


o-73i 5544 
731 6660 


1-366 952^ 
366 7438 


0-807 0891 
807 0462 


0-593 9456 
594 004 


0-738 2743 
738 3867 


354 3039 


0-804 505 
804 462 


15 
14 


"t 

47 
48 


59 5470 
590 6057 


731 7777 
-731 8894 


366 5352 
366 3267 


807 0033 
806 9603 


594 0626 
594 I2i 


738 4991 
738 6115 


354 097 
353 8918 


804 418? 
804 375 


12 


f 

49 


590 6643 


732 ooio 


366 118 


806 9174 


594 1796 


738 7239 


353 6858 


804 3324 


II 


CO 


O-59O 723O 


0-732 1127 


1-365 909 


0-806 8744 


0-594 2380 


o-738 8363 


I-3534798 


0-804 289 


IO 


3 

EI 


590 7817 


732 2244 


-365 701 


-806 8314 


594 296 


738 9487 


353 2739 


804 246 


09 


3 

5 2 


590 8404 


732 3362 


305 493 


-806 7885 


594355 


739 061 


353 68 


804 202* 


08 


53 
54 


590 899 

590 957 


732 4479 
732 5596 


365 284 
-365 076 


806 7455 
806 7025 


594 4*3 
594 472 


739 1736 
739 286 


352 862 
352 656 


804 159 

-804 116 


07 
06 


SB 


0-591 016.. 


0-732 6714 


1-364 868 


0-806 6596 


0-594530 


0-739 398 


1-352 4506 


0-804 073 


05 


7* 

c6 


S9I 75 


732 7832 


364 660 


-806 6166 


594 588 


739 5" 


352 244 


804 029 


04 


J 

57 


591 133 


-732 8949 


-364 452 


806 5736 


594 647 


739 623 


352 039 


803 986 


03 


i 


591 192; 


-733 0067 


-364 244 


806 5306 


594 705 


739 736 


351 833 


803 943 


oa 


59 


591 251 


733 1185 


364 035 


806 4876 


594 764 


739 848 


351 628 


803 900 


01 


60 


0-591 309 


o-733 2303 


1-363 827 


0-806 4446 


0-594 822 


0-739 961 


1-351 422 


0-803 856 


00 

s 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 




d 


586-589 


ni8-im 


2080-210 


430-427 


584-587 


1126-111 


2056-208 


433-430 


d 



C-74 



3 h 35' 



3" 



26 



2 h 27" 



5-442 



'3 



sin 

i . 

| 0-594 8228 
594 8812 
594 9397 
594 998i 
595 0566 

|o-595 115 
'595 1735 
595 2319 
595 2904 
595 3488 

I 0-595 4072 

'595 4656 
-595 5241 
-595 5825 
'595 6409 

0-595 6993 
-595 7577 
'595 8161 
'595 8745 
'595 9329 



!*> 



0-595 9913 
-596 0497 
-596 1081 
-596 1665 
-596 2249 

0-596 2833 
-596 3416 
-596 4000 
-596 4584 

-5965167 

0-5965751 
-596 6335 
-596 6918 

-596 7502 
-596 8085 

0-596 8669 
-596 9252 
-596 9836 
'597 0419 
-597 1003 

0-597 1586 
-5972169 
'597 2752 
-597 3336 
597 3919 



tan 

0-739 9611 
740 0736 
740 1862 
740 2988 
740 41 13 

0-740 5239 
740 6365 
740 7492 
7408618 
740 9744 
0-741 0871 
741 1998 
741 3124 
74M25I 
741 5378 

0-741 6505 
741 7633 
741 8760 
741 9888 
742 1015 



0-597 4502 
-597 5085 
-597 S668 
-597 6251 
-597 6835 

0-597 74'8 
-597 8oor 
-597 8583 
-597 9x66 
-597 9749 

0-598 0332 
-598 0915 
-598 1498 
.598 2081 
-598 2663 

60 I 0-598 3246 

COS 

d I 582-585 



0-742 2143 
742 3271 
742 4399 
742 5527 
742 6655 

0-742 7784 
742 8912 
743 0041 
743 1170 
743 2299 

0-743 3428 
743 4557 
743 5686 
743 6815 
743 7945 

0-743 9074 
744 0204 

744 1334 
744 2464 
744 3594 

0> 744 4724 
744 5855 
744 6985 
7448116 
744 9246 



cot 

1-351 4224 

351 2169 
351 0114 
350 8060 
350 6oc6 

1 '35O 3953 
350 1899 
349 9847 
349 7794 
349 5742 

'3493691 
349 1640 
348 9589 
348 7539 
348 5489 

'348 3439 
348 1390 
347 9341 
347 7293 
347 5245 



'745 0377 
745 1508 
'745 2639 
745 377 
745 4902 

0-745 6033 
745 7165 
745 8296 
745 9428 
746 0560 

0-746 1692 
746 2824 
746 3957 
746 5089 
746 6222 



1-347 3198 
347 1150 
346 9104 
346 7057 
346 5011 

1-346 2966 
346 0921 
345 8876 
345 6832 
345 4788 

r-345 2744 
345 0701 
344 8658 
344 6616 
3444574 

r -344 3533 
344 0492 
343 8451 
343 6411 
343 4371 

1-343 2331 
343 0292 
342 8253 
342 6215 
342 4177 



COS 

0-803 8569 
803 8136 
803 7703 
803 7271 
803 6838 

0-803 6405 
803 5973 
803 5540 
803 5107 
803 4674 

0-803 4241 
803 3808 
803 3375 
803 2942 
803 2508 

0-803 2075 
803 1643 
803 1209 
803 0776 
803 0342 



'342 2139 

342 0102 
341 8066 
341 6029 

341 3993 

'341 1958 
340 9923 
340 7888 
340 5853 
340 3820 

1-340 1786 
339 9753 
339 7720 
339 5688 
339 3656 



0-802 9909 
802 9475 
802 9042 
802 8608 
802 8175 

0-802 7741 
802 7307 
802 6874 
802 6440 
802 6006 

0-802 5572 
802 5139 
802 4705 
802 4271 
802 3837 

0-802 3403 
802 2969 
802 2535 

802 2100 
802 1666 

O-8O2 1232 
802 0798 
802 0363 

801 9929 
80 1 9495 



0-598 3246 
598 3829 
5984411 
598 4994 
598 5577 

0-598 6159 
598 6742 
598 7324 
598 7906 
598 8489 

0-598 9071 
598 9654 
599 0236 
599 0818 
599 1401 

0-599 1983 
599 2565 
599 3H7 
599 3729 
59943U 

0-599 4893 
599 5475 
599 6057 
599 6639 
'599 7221 



0-7467354 1-339 1624 



0-80 1 9060 
801 8626 
801 8191 
801 7756 
801 7322 

0-801 6887 
801 6452 
801 6018 
801 5583 
801 5148 

0-801 4713 
80 i 4278 
801 3843 
80 i 3408 
801 2973 



0-599 7803 
599 8385 
599 8967 
599 9549 
600 0131 

0-600 0712 
600 1294 
600 1876 
600 2457 
600 3039 

0-600 3621 
600 4202 
600 4784 
600 5365 
600 5947 

0-600 6528 
600 7110 
600 7691 
600 8272 
600 8854 

0-600 9435 
601 0016 
601 0597 
601 1179 
601 1760 



'746 7354 
746 8487 
746 9620 
747 0753 
747 1886 

0-747 3019 
747 4153 
747 5286 
747 6420 
747 7554 

o-747 8688 
747 9822 
748 0956 
748 2090 
748 3224 

-748 4359 
748 5494 
748 6628 
748 7763 
748 8898 

0-749 0033 
749 1169 
749 2304 
749 3440 
749 4575 



1-339 1624 
338 9593 
338 7562 
338 5532 
338 3502 

I-338 1472 
337 9443 
33774H 
337 5386 
337 3358 

'337 1330 
336 9303 
336 7276 
336 5249 
336 3223 

I-336 1198 
335 9172 
335 7H8 
335 5123 
335 3099 



0-801 2538 
801 2103 
801 1668 
801 1233 
801 0797 

0-801 0362 I 55 
800 9927 54 
800 0491 53 
800 9056 52 
800 8620 51 

0-800 8185 50 
800 7749 49 
8007314 48 
800 6878 47 
800 6442 j 46 

0-800 6007 j 45 
8005571 44 
800 5135 43 
800 4699 J 42 
800 4263 I 41 



0-601 2341 
601 2922 
601 3503 
60 1 4084 
601 4665 

0-601 5246 
6or 5827 
60 i 6408 
601 6989 
601 7569 



'749 57" 
749 6847 
749 7983 
749 9H9 
750 0255 

0-750 1392 
750 2528 
750 3665 
750 4801 
750 5938 

0-750 7075 
75 8212 
750 9350 
751 0487 
751 1624 

0-751 2762 
751 3900 
751 5038 
751 6176 
751 7314 

0-751 8452 
751 9590 
752 0729 
752 1867 
752 3006 



1-335 1075 
'334 9052 
334 7029 
334 5007 
334 2984 



^3340963 
333 8941 
333 6920 
3334900 
333 2880 

1-333 0860 
332 8841 
332 6822 
332 4803 
332 2785 

1-332 0767 
331 8750 
331 6732 
331 47i6 
331 2700 



o-8or 2538 0-601 8150 



cot 



tan 



sin 



cos 



0-752 4145 
752 5284 
752 6423 
752 7562 
752 8702 

0-752 9841 

753 0981 
753 2121 
753 3260 
753 4400 

0-753 5S4I 

cot 



i-33i 0684 
330 8668 
330 6653 
330 4638 
330 2624 

1-330 0610 
329 8597 
329 6584 
329 457i 
329 2558 



2032-2055 I 435-432 



1-3290547 
328 8535 
328 6524 
328 4513 
328 2503 

1-328 0493 
327 8483 
327 6474 
327 4465 
327 2456 

1-3270448 

tan 



0-800 3827 

800 3 39I 
800 2955 
800 2519 
800 2083 

0-800 1647 35 

800 Ian 34 

800 0775 33 

800 0338 33 

799 9902 31 

o-799 9466 30 

799 9029 29 

7998593 '28 

799 8156 27 

799 7720 26 

0-799 7283 25 

799 6847 24 

799 6410 23 

799 5973 Xt 

799 5536 21 

0-799 Sioo 20 

799 4663 19 

799 4226 x8 
799 3789 

799 3352 | 16 

o-799 2915 
799 2478 
799 2041 
799 1604 
799 1167 

0-799 0730 I 10 
799 0292 og. 
798 9855 08 
798 9418 07 
798 8980 06 

o-798 8543 05 

798 8105 04 

798 7668 03 

798 7230 03 
798 6793 

0-798 6355 oo 

.. . 

sin 



3 h 33' 



3" 32 m 



TM 5-442 



28" 



29' 



d 


58i-579 


1140-1148 


2008-1985 


437-440 


579-577 


1147-1156 


1985-1962 


440-443 


d 




sin 


tan 


cot 


cos 


sin 


tan 


cot 


cos 




s 
oo 


0-60 i 8150 


o-753 5541 


1-327 0448 


0-798 6355 


0-605 2940 


0-760 4177 


1-315 0668 


0-796 0020 


60 


01 


601 8731 


753 6681 


326 8441 


798 5917 


605 3519 


-760 5324 


314 8683 


795 958o 


59 


02 


601 9312 


753 7821 


326 6433 


798 5480 


605 4098 


760 6472 


314 6699 


795 9HO 


58 


03 


6or 9892 


753 8962 


326 4426 


798 5042 


605 4676 


760 7620 


3144715 


795 8699 


57 


04 


602 0473 


754 0102 


326 2420 


798 4604 


605 5255 


760 8769 


314 2731 


795 8259 


56 


05 


0-602 1054 


0-754 1243 


1-326 0414 


0-798 4166 


0-605 5834 


0-760 9917 


1-3140748 


0-795 7819 


55 


06 


602 1634 


754 2384 


.325 8408 


.798 3728 


605 6413 


761 1065 


313 8765 


795 7378 


54 


07 


602 2215 


754 3525 


325*6402 


798 3291 


605 6991 


761 2214 


3*3 6783 


795 6938 


53 


08 


602 2795 


7544666 


325 4397 


.798 2853 


605 7570 


761 3363 


313 4801 


795 6497 


5* 


09 


602 3376 


754 5807 


325 2393 


798 2415 


605 8148 


761 45" 


313 2819 


795 6057 


5 


10 


0-602 3956 


0-754 6948 


1-325 0389 


0-798 1976 


0-605 8727 


0-761 5660 


1-313 0838 


0-795 5616 


50 


II 


602 4537 


754 8090 


324 8185 


798 1538 


605 9306 


761 6809 


312 8857 


795 5^75 


49 


12 


602 5117 


754 9232 


324 6381 


798 i ioo 


605 9884 


761 7959 


312 6876 


795 4735 


48 


13 


602 5698 


755 0373 


324 4378 


798 0662 


006 0462 


761 9108 


312 4896 


795 4294 


47 


X4 


602 6278 


755 1515 


324 2376 


798 0224 


606 1041 


762 0257 


312 2916 


795 3853 


46 


IS 


0-602 6858 


0-755 2657 


I-3240373 


0-797 9786 


0-606 1619 


0-762 1407 


1-3120937 


0-795 3413 


45 


16 


602 7439 


755 3799 


323 8371 


797 9347 


606 2198 


762 2557 


311 8958 


795 2972 


44 


*7 


602 8019 


755 494i 


323 6370 


797 8909 


606 2776 


762 3706 


311 6979 


795 2531 


43 


18 


602 8599 


755 6084 


323 4309 


797 8471 


606 3354 


762 4856 


311 5001 


795 2090 


4 


*9 


602 9179 


755 7226 


323 2368 


797 8032 


606 3933 


762 6006 


311 3023 


795 1049 


4 


20 


0-602 9760 


0-755 8369 


1-323 0368 


0-797 7594 


0-606 4511 


0-762 7157 


1-311 1046 


0-795 1208 


4 


21 


603 0340 


755 9512 


322 8368 


797 7155 


606 5089 


762 8307 


310 9069 


795 0767 


39 


22 


603 0920 


756 0654 


322 6368 


797 6717 


606 5667 


762 9457 


310 7092 


795 0326 


38 


23 


603 1500 


756 J797 


322 4369 


797 6278 


606 6245 


763 0608 


310 5116 


794 9885 


37 


*4 


603 2080 


756 2941 


322 2370 


797 5839 


606 6824 


763 1759 


310 3140 


794 9444 


36 


25 


0-603 2660 


0-756 4084 


1-322 0372 


0-797 5401 


0-606 7402 


0-763 2910 


1-310 1164 


0-794 9002 


35 


26 


603.3240 


756 5227 


321 8374 


797 4962 


606 7980 


763 4061 


309 9189 


794 8561 


34 


*7 


603 3820 


-756 6371 


321 6376 


797 4523 


606 8558 


763 5212 


309 7214 


794 8120 


33 


28 


603 4400 


756 75'4 


321 4379 


797 4084 


606 9136 


763 6363 


39 5239 


794 7678 


3* 


29 


603 4980 


756 8658 


321 2382 


797 3645 


606 9714 


763 75 14 


309 3265 


794 7237 


31 


30 


0-603 5559 


0-756 9802 


1-321 0385 


0-797 3207 


0-607 0292 


0-763 8666 


1-309 1292 


o-794 6796 


3 


3i 


603 6139 


757 0946 


320 8389 


797 2768 


607 0869 


763 9817 


308 9318 


794 6354 


29 


3* 


603 6719 


757 2090 


320 6393 


797 2329 


607 1447 


764 0969 


308 7345 


794 5913 


28 


33 


603 7299 


757 3234 


320 4398 


797 1890 


607 2025 


764 2izi 


308 5373 


794 5471 


27 


34 


603 7878 


757 4379 


320 2403 


797 HSi 


607 2603 


764 3273 


308 3400 


794 5030 


26 


35 


0-603 8458 


o-757 5523 


1-320 0408 


0-797 ion 


0-607 3*81 


0-764 4425 


1-308 1429 


0-794 4S88 


*5 


36 


603 9038 


757 6668 


319 8414 


797 0572 


607 3758 


704 5577 


307 9457 


7944146 


24 


37 


603 9617 


757 7813 


319 6420 


797 0133 


607 4336 


764 6730 


307 7486 


794 3704 


23 


38 


604 0197 


757 8957 


-3194427 


796 9694 


607 4914 


764 7882 


307 5515 


794 3263 


22 


39 


604 0777 


758 0102 


319 2434 


796 9255 


607 5491 


764 9035 


307 3545 


794 2821 


21 


4<> 


0-604 I3S6 


0-758 1248 


1-3190441 


0-796 8815 


0-607 6069 


0-765 0188 


1-307 1575 


0-794 2379 


20 


41 


604 1936 


758 2393 


-3188449 


796 8376 


607 6647 


765 1340 


306 9605 


794 937 


19 


42 


604 2515 


758 3538 


3186457 


796 7936 


607 7224 


765 2494 


306 7636 


794 J495 


18 


43 


604 3094 


758 4684 


318 4465 


796 7497 


607 7802 


765 3647 


306 5667 


794 1053 


17 


44 


604 3674 


758 5829 


318 2474 


796 7058 


607 8379 


765 4800 


306 3699 


794 0611 


16 


45 


0-604 4253 


0-758 6975 


1-318 0484 


0-796 6618 


0-607 8957 


0-765 5953 


1-306 1731 


0-794 0169 


IS 


46 


604 4833 


758 8l2I 


317 8493 


796 6178 


607 9534 


765 7107 


305 9763 


793 9727 


14 


47 


604 5412 


758 9267 


317 6503 


796 5739 


608 on i 


765 8261 


305 7795 


793 9285 


13 


48 


604 5991 


759 0413 


3I745I3 


796 5299 


608 0689 


765 94H 


305 5828 


793 8843 


12 


49 


604 6570 


759 1559 


317 2524 


796 4859 


608 1266 


766 0568 


305 3862 


793 8401 


II 


5 


0-604 7150 


0-759 2706 


I-3I7 0535 


0-796 4420 


0-608 1843 


0-766 1722 


1-305 1896 


o-793 7958 


IO 


51 


-604 7729 


759 3852 


316 8547 


-796 3980 


608 2421 


766 2876 


304 9930 


793 75i6 


09 


5 2 


604 8308 


759 4999 


316 6559 


796 3540 


608 2998 


766 4031 


304 7964 


793 7074 


08 


53 


604 8887 


-759 6146 


3164571 


796 3100 


608 3575 


766 5185 


304 5999 


793 6631 


0? 


54 


604 9466 


759 7293 


316 2584 


796 2660 


608 4152 


766 6340 


304 4034 


793 6189 


06 


55 


0-605 0045 


0-759 8440 


1-316 0597 


0-796 2220 


0-608 4729 


0-766 7494 


1-304 2070 


0-793 5746 


05 


56 


605 0624 


759 9587 


315 8610 


796 1780 


608 5306 


766 8649 


304 0106 


793 5304 


04 


57 


605 1203 


760 0734 


315 6624 


796 1340 


608 5883 


766 9804 


303 8142 


793 4861 


03 


58 


605 1782 


760 1882 


315 4638 


796 0900 


608 6460 


767 0959 


303 6179 


793 4419 


02 


59 


605 2361 


760 3029 


3iS 2653 


796 0460 


608 7037 


767 2115 


303 4216 


793 3976 


OI 


60 


0-605 2940 


0-760 4177 


1-315 0668 


0-796 OO2O 


0-608 7614 


0-767 3270 


1-303 2254 


0-793 3533 


OO 

s 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 




d 


579-581 


1148-1140 


1985-2008 


440-437 


577-579 


1156-1147 


1962-1985 


443-440 


d 



C-76 



3 h 31- 



3" 30" 



d 


S77-S75 


1155-1163 


1962-1940 


442-445 


575-573 


1163-1171 


1940-1919 


445-448 


d 




sin 


tan 


cot 


cos 


sin 


tan 


cot 


cos 




s 
oo 


0-608 7614 


0-767 3270 


1-303 2254 


0-793 3533 


0-612 2173 


0-774 2827 


1-291 5179 


0-790 6896 


60 


OI 


608 8191 


767 4425 


303 0292 


793 3091 


612 2748 


774 399i 


291 3239 


790 6450 


59 


02 


608 8768 


767 5581 


302 8330 


793 2648 


612 3323 


774 5154 


291 1299 


790 6005 


58 


03 


608 9345 


-767 6737 


302 6368 


793 2205 


612 3898 


774 6317 


290 9360 


-790 5560 


57 


04 


608 9922 


767 7893 


-302 4407 


793 1762 


612 4473 


774 748i 


290 7421 


790 5115 


56 


05 


0-609 0499 


0-767 9048 


1-302 2447 


0-793 1319 


0-612 5047 


0-774 8645 


1-290 5482 


0-790 4669 


55 


06 


609 1075 


768 0205 


302 0486 


793 0876 


612 5622 


774 9809 


290 3544 


790 4224 


54 


07 


609 1652 


768 1361 


301 8527 


793 0433 


612 6197 


775 0973 


290 1606 


.790 3778 


53 


08 


609 2229 


768 2517 


301 6567 


792 9990 


612 6772 


775 2137 


289 9669 


79 3333 


5* 


09 


609 2805 


768 3674 


-301 4608 


792 9547 


612 7347 


775 33i 


289 7732 


790 28.*; 


5i 


IO 


0-609 3382 


0-768 4830 


1-301 2649 


0-792 9104 


0-612 7921 


0-775 4466 


1-289 5795 


0-790 2441 


50 


II 


609 3959 


768 5987 


301 0691 


792 8661 


612 8496 


775 5630 


289 3858 


790 1996 


49 


12 


609 4535 


768 7144 


300 8733 


792 8218 


612 9071 


775 6795 


289 1922 


790 1550 


48 


13 


609 5112 


768 8301 


300 6775 


792 7775 


612 9645 


775 796o 


-288 9987 


790 1104 


47 


14 


609 5688 


768 9458 


300 4818 


792 7331 


613 0220 


775 9"5 


288 8051 


790 0659 


46 


15 


0-609 6265 


0-769 0615 


1-300 2861 


0-792 6888 


O-6l3 0794 


0-776 0290 


1-288 6116 


0-790 0213 


45 


16 


609 6841 


769 1773 


300 0904 


792 6445 


613 1369 


776 1455 


288 4182 


789 9767 


44 


*7 


609 7418 


769 2930 


299 8948 


792 6001 


613 1943 


776 2621 


288 2247 


789 9321 


43 


18 


609 7994 


769 4088 


299 6992 


792 5558 


613 2518 


776 3786 


288 0314 


789 8875 


4* 


19 


609 8570 


769 5246 


-299 5036 


792 5114 


613 3092 


776 4952 


287 8380 


789 8429 


4i 


20 


0-609 9147 


0-769 6404 


1-299 3081 


0-792 4671 


0-613 3^6 


0-776 6n8 


1-287 6447 


0-789 7983 


40 


21 


609 9723 


769 7562 


299 1127 


792 4227 


613 4241 


-776 7283 


287 45i4 


789 7537 


39 


22 


610 0299 


769 8720 


298 9172 


792 3784 


613 4815 


776 8449 


287 2582 


789 7091 


38 


23 


610 0875 


769 9878 


298 7218 


792 3340 


613 S389 


776 9616 


287 0650 


789 6645 


37 


24 


610 1452 


-770 1037 


298 5265 


792 2896 


613 5964 


777 0782 


286 8718 


789 6198 


36 


25 


0-610 2028 


0-770 2195 


1-298 3311 


0-792 2453 


0-613 6538 


0-777 1948 


1-286 6787 


0-789 5752 


35 


26 


610 2604 


77 3354 


298 1359 


792 2009 


613 7112 


777 3H5 


286 4856 


789 5306 


34 


27 


610 3180 


77 4SI3 


297 9406 


792 1565 


613 7686 


777 4282 


286 2925 


789 4860 


33 


28 


610 3756 


770 5672 


297 7454 


792 1 121 


613 8260 


777 5448 


286 0995 


789 4413 


3 


29 


610 4332 


770 6831 


297 552 


792 0677 


613 8834 


777 6615 


285 9065 


789 3967 


3i 


30 


0-610 4908 


0-770 7990 


1-297 3551 


0-792 0233 


0-613 9408 


0-777 7782 


1-285 7135 


0-789 3520 


30 


31 


610 5484 


770 9149 


297 1600 


-791 9789 


613 9982 


777 8950 


285 5206 


789 3074 


29 


33 


610 6060 


771 0309 


296 9649 


791 9345 


614 0556 


778 0117 


285 3277 


789 2627 


28 


33 


610 6636 


771 1469 


296 7699 


791 8901 


614 1130 


778 1284 


285 1349 


789 2181 


27 


34 


610 7212 


771 2628 


296 5749 


791 8457 


614 1704 


778 2452 


284 9421 


789 1734 


26 


35 


0-610 7788 


0-771 3788 


1-296 3799 


0-791 8013 


0-614 2278 


0-778 3620 


1-284 7493 


0-789 1288 


25 


36 


610 8363 


771 4948 


296 1850 


791 7569 


614 2852 


778 4788 


284 5566 


789 084: 


24 


37 


610 8939 


771 6108 


295 9901 


791 7125 


614 3426 


778 5956 


284 3639 


789 0394 


23 


38 


610 9515 


771 7269 


295 7953 


791 6680 


614 4000 


778 7124 


284 1712 


788 9947 


22 


39 


611 0091 


771 8429 


295 6005 


791 6236 


614 4573 


778 8292 


283 9786 


788 9500 


21 


40 


0-6 i i 0666 


0-771 9589 


1-295 457 


0-791 5792 


0-614 5M7 


0-778 9460 


1-283 786o 


0-788 9054 


20 


41 


6n 1242 


772 0750 


295 2109 


791 5347 


614 5721 


779 0629 


283 5934 


788 8607 


19 


42 


611 1817 


772 1911 


295 0162 


-791 4903 


614 6294 


779 1798 


283 4009 


788 8160 


18 


43 


611 2393 


.772 3072 


294 8216 


791 4458 


614 6868 


779 2966 


283 2084 


788 7713 


17 


44 


6 1 1 2969 


772 4233 


294 6270 


791 4014 


614 7442 


779 4135 


283 0160 


788 7266 


16 


45 


0-611 3544 


0-77=5 5394 


1-2944324 


0-791 3569 


0-614 8015 


0-779 5304 


1-282 8235 


0-788 6819 


*S 


46 


6n 4120 


772 6555 


294 2378 


791 3125 


614 8589 


779 6474 


282 6312 


788 6372 


14 


47 


611 4695 


772 7717 


294 0433 


791 2680 


614 9162 


779 7643 


2824388 


788 5924 


13 


48 


6n 5270 


772 8878 


293 8488 


791 2235 


614 9736 


779 8812 


282 2465 


788 5477 


12 


49 


611 5846 


773 0040 


293 6544 


791 1791 


615 0309 


779 9982 


282 0542 


788 5030 


II 


5 


o-6n 6421 


0-773 1202 


1-293 4600 


0-791 1346 


0-615 0883 


0-780 1152 


1-281 8620 


0-788 4583 


IO 


51 


611 6996 


773 2364 


293 2656 


791 0901 


615 1456 


780 2322 


281 6698 


788 4135 


09 


5* 


611 7572 


773 3526 


293 0713 


791 0456 


615 2029 


780 3492 


281 4776 


788 3688 


08 


53 


611 8147 


773 4688 


292 8770 


791 oon 


615 2603 


780 4662 


-281 2855 


788 3241 


07 


54 


611 8722 


773 585 


292 6827 


790 9566 


615 3176 


780 5832 


281 0934 


788 2793 


06 


55 


o-6ri 9297 


0-773 7oi3 


1-292 4885 


0-790 9121 


0-615 3749 


0-780 7002 


1-280 9014 


0-788 2346 


05 


56 


6n 9873 


773 8176 


292 2943 


790 8676 


615 4322 


780 8173 


280 7094 


788 1898 


04 


57 


612 0448 


773 9338 


-292 1001 


790 8231 


615 4895 


780 9344 


280 5174 


788 1451 


03 


58 


612 1023 


774 0501 


291 9060 


790 7786 


615 5469 


781 0514 


280 3254 


788 1003 


O2 


59 


612 1598 


774 1664 


291 7119 


790 7341 


615 6042 


781 1685 


280 1335 


788 0555 


01 


60 


0-612 2173 


0-774 2827 


1-291 5179 


0-790 6896 


0-615 6615 


0-781 2856 


1-279 9416 


0-788 0108 


00 

s 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 




d 


575-577 


1163-1155 


1940-1962 


445-442 


573-575 


1171-1163 


1919-1940 


448-445 


d 



3 h 29 



G-77 



TM 5-442 



2" 32-" 



2" 33' 



d 


573-571 


1171-1179 


1918-1897 


448-451 


572-569 


1179-1187 


1898-1877 


450-453 


d 




sin 


tan 


cot 


cos 


sin 


tan 


cot 


cos 




a 

00 


0-615 6615 


0-781 2856 


1-279 9416 


0-788 0108 


0-619 0939 


0-788 3364 


1-268 4940 


0-785 3169 


60 


01 


615 7188 


781 4027 


279 7498 


787 9660 


619 IS 11 


788 4544 


268 3042 


785 2719 


59 


02 


615 7761 


781 5199 


279 5580 


787 9212 


619 2082 


788 5723 


268 1145 


785 2269 


58 


3 


615 8334 


781 6370 


279 3662 


.787 8764 


619 2653 


788 6902 


267 9249 


-785 1818 


57 


04 


615 8907 


781 7542 


-279 1745 


787 8316 


619 3224 


788 8082 


267 7353 


785 1368 


56 


5 


0-615 9480 


0-781 8714 


1-2789828 


0-787 7868 


0-619 3795 


0-788 9262 


1-267 5457 


0-785 0918 


55 


06 


616 0053 


781 9885 


278 7911 


787 7420 


619 4365 


789 0442 


267 3562 


-785 0467 


54 


o? 


616 0625 


782 1057 


278 5995 


.787 6972 


6194936 


789 1622 


267 1666 


785 0017 


53 


08 


616 1198 


782 2229 


-278 4079 


787 6524 


619 5507 


789 2802 


266 9772 


784 9566 


53 


09 


616 1771 


782 3402 


278 2163 


787 6076 


619 6078 


789 3982 


266 7877 


784 9116 


5* 


10 


0-616 2344 


0-782 4574 


1-278 0248 


0-787 5628 


0-619 6649 


0-789 5163 


1-266 5983 


0-784 8665 


50 


XI 


616 2916 


782 5747 


277 8333 


787 5180 


619 7220 


789 6343 


266 4090 


-784 8214 


49 


12 


616 3489 


782 6919 


277 6419 


787 4732 


619 7790 


789 7524 


266 2196 


784 7764 


48 


13 


616 4062 


782 8092 


277 455 


787 4284 


619 8361 


789 8705 


266 0303 


7847313 


47 


14 


616 4634 


782 9265 


277 259i 


787 3835 


619 8932 


789 9886 


265 8411 


784 6862 


46 


s 


0-616 5207 


0-783 0438 


1-277 0678 


0-787 3387 


0-619 9502 


0-790 1067 


1-265 6518 


0-784 6411 


45 


16 


616 5780 


783 1611 


276 8765 


787 2939 


620 0073 


790 2248 


265 4626 


-784 5961 


44 


*7 


616 6352 


783 2785 


276 6852 


787 2490 


620 0643 


79 3430 


265 2735 


784 5510 


43 


18 


616 6925 


783 3958 


276 4939 


787 2042 


620 1214 


790 4611 


265 0843 


784 5059 


43 


*9 


616 7497 


783 5132 


276 3027 


787 1593 


620 1784 


790 5793 


264 8952 


784 4608 


4i 


ao 


0-616 8069 


0-783 6305 


1-276 1116 


0-787 1145 


0-620 2355 


0-790 6975 


1-264 7062 


0-784 4157 


40 


31 


616 8642 


783 7479 


275 9205 


787 0696 


620 2925 


790 8157 


264 5172 


784 376 


39 


22 


616 9214 


783 8653 


275 7294 


787 0248 


620 3496 


790 9339 


264 3282 


784 3254 


38 


23 


616 9786 


783 9827 


275 5383 


786 9799 


620 4066 


791 0521 


264 1392 


784 2803 


37 


34 


6170359 


784 IO02 


275 3473 


786 9350 


620 4636 


-791 1703 


263 9503 


784 *352 


36 


25 


0-617 0931 


0-784 2176 


1-275 1563 


0-786 8901 


0-620 5207 


0-791 2886 


1-263 7614 


0-784 1901 


35 


26 


617 1503 


784 3350 


274 9653 


786 8453 


620 5777 


791 4069 


263 5726 


784 H5 


34 


37 


617 2075 


784 4525 


274 7744 


786 8004 


620 6347 


791 5251 


263 3838 


784 0998 


33 


28 


617 264? 


-784 5700 


274 5835 


786 7555 


620 6917 


791 6434 


263 1950 


784 0547 


33 


29 


617 3220 


784 6875 


274 3927 


786 7106 


620 7488 


791 7617 


263 0062 


784 0096 


3 


3 


0-617 3792 


0-784 8050 


1-274 2019 


0-786 6657 


0-620 8058 


0-791 8800 


1-262 8175 


0-783 9644 


3 


3 1 


617 4364 


784 9225 


274 on i 


786 6208 


-620 8628 


791 9984 


262 6289 


783 9193 


39 


3* 


617 4936 


785 0400 


273 8204 


786 5759 


620 9198 


792 1167 


262 4402 


783 874 


28 


33 


617 5508 


785 1576 


273 6297 


786 5310 


620 9768 


792 2351 


262 2516 


783 8290 


27 


34 


617 6080 


785 2752 


273439 


786 4861 


621 0338 


792 3534 


262 0630 


-783 7838 


26 


35 


0-617 6652 


0-785 3927 


1-273 2484 


0-786 4412 


0-621 0906 


0-792 4718 


1-261 8745 


0-783 7386 


35 


30 


617 7224 


785 5103 


273 0578 


786 3963 


621 1478 


792 5902 


261 6860 


783 6935 


34 


37 


617 7796 


785 6279 


272 8672 


786 3513 


621 2048 


792 7086 


261 4975 


783 6483 


33 


3 


6178367 


785 7455 


272 6767 


786 3064 


621 2618 


792 8271 


261 3091 


783 6031 


22 


39 


617 8939 


785 8632 


272 4862 


786 2615 


621 3187 


792 9455 


261 1207 


783 5579 


21 


4<> 


0-617 9511 


0-785 9808 


1-272 2957 


0-786 2165 


0-621 3757 


0-793 0640 


1-260 9323 


0-783 5127 


20 


41 


6180083 


786 0984 


272 1053 


786 1716 


621 4327 


793 1824 


260 7440 


783 4675 


*9 


42 


618 o6s/ 


786 2161 


271 9H9 


786 1266 


621 4897 


793 3009 


260 5557 


783 4224 


18 


43 


618 1226 


786 3338 


271 7246 


786 0817 


621 5466 


793 4'94 


260 3675 


783 3772 


17 


44 


618 1798 


7864515 


271 5342 


786 0367 


621 6036 


793 5379 


260 1792 


783 3320 


16 


45 


0-618 2369 


0-786 5692 


1-271 3440 


0-785 9918 


0-621 6606 


0-793 6564 


1-2599910 


0-783 2867 


15 


46 


618 2941 


786 6869 


271 1537 


785 9468 


621 7175 


793 775 


259 8029 


783 2415 


14 


47 


618 3512 


-786 8047 


270 9635 


-785 9019 


621 7745 


793 8935 


2596148 


783 1963 


*3 


4 


618 4084 


786 9224 


270 7733 


-785 8569 


621 8314 


794 0121 


259 4267 


783 IS" 


12 


49 


618 4655 


787 0402 


270 5832 


785 8119 


621 8884 


794 1307 


259 2386 


783 1059 


II 


5 


0-618 5227 


0-787 1579 


1-270 393i 


0-785 7669 


0-621 9453 


0-794 2493 


1-259 0506 


0-783 0607 


IO 


51 


618 5798 


787 2757 


270 2030 


785 7220 


622 OO2; 


794 3679 


258 8626 


783 0154 


09 


52 


618 6370 


787 3935 


270 0130 


785 6770 


622 0592 


-794 4865 


-258 6747 


782 9704 


OS 


53 


618 6941 


787 5J 13 


269 8230 


785 6320 


622 1162 


794 6051 


258 4867 


782 9249 


07 


54 


6187512 


787 6292 


269 6330 


785 5870 


622 1731 


794 7238 


258 2989 


782 8797 


06 


55 


0-618 8084 


0-787 7470 


1-269 4431 


0-785 5420 


0-622 2300 


0-794 8424 


1-258 mo 


0-782 8345 


O5 


56 


618 8655 


787 8649 


269 2532 


785 4970 


622 2870 


7949611 


257 9232 


782 7892 


0<| 


57 


618 9226 


787 9827 


269 0633 


78s 4520 


622 3439 


795 0798 


257 7354 


782 7439 


O2 


58 


618 9797 


788 1006 


-268 8735 


785 4070 


622 400? 


795 1985 


257 5477 


782 6987 


O2 


59 


619 0368 


788 2185 


-268 6837 


785 3620 


622 4577 


795 3172 


257 3600 


782 6534 


01 


60 


0-619 0939 


0-788 3364 


1-268 4940 


0-785 3169 


0-622 5146 


o-795 4359 


1-257 1723 


0-782 6082 


00 

8 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 




d 


571-573 


1170-1171 


1897-1918 


451-448 


560-572 


1187-1179 


1877-1898 


453-450 


d 


G-78 3* 27 m 3 h 26 m 



2" 34-" 



2" 35- 



TM 5-442 



d 


57>-567 


1187-1196 


1876-1856 


4S2-4S5 


567-565 


11951204 


1854-1836 


455-458 


d 




sm 


tan 


cot 


COS 


sin 


tan 


cot 


cos 




9 

oo 


0-622 5146 


0-795 4359 


1-257 1723 


0-782 6082 


0-625 923S 


0-802 5849 


1-245 9742 


0-779 8845 


60 


ox 


622 5715 


795 5547 


256 9847 


782 5629 


625 9802 


802 7044 


245 7886 


779 8390 


59 


oa 


622 6285 


795 6734 


256 7971 


782 5176 


626 0369 


802 8240 


245 6030 


'779 7934 


5 


<3 


622 6854 


795 7922 


356 6095 


782 4723 


626 0936 


802 9436 


245 4175 


779 7479 


57 


4 


622 7423 


795 9o 


256 4219 


782 4270 


626 1503 


803 0632 


245 2320 


779 7024 


5 


05 


0-622 7992 


0-796 029$ 


1-256 2344 


0-782 3818 


0-626 2070 


0-803 1829 


1-245 0465 


0-779 6568 


55 


06 


622 8561 


796 1486 


256 0470 


782 3365 


626 2637 


803 3025 


2448611 


779 6113 


54 


07 


622 9129 


796 2674 


455 8595 


782 2912 


626 3204 


803 4222 


244 6757 


779 5658 


53 


oft 


622 9698 


796 3862 


255 6721 


782 2459 


626 3771 


803 54x8 


H449P3 


979 5202 


S3 


9 


623 0267 


796 5051 


255 4848 


782 2006 


626 4338 


803 6615 


244 3050 


779 4747 


5 


10 


0-623 0836 


0-796 6240 


1-255 2974 


0-782 1552 


0-626 4905 


0-803 7812 


1-244 "97 


0-779 4291 


5 


zz 


623 1405 


796 7428 


255 not 


782 1099 


626 5471 


803 9009 


243 9344 


779 3835 


49 


za 


623 1974 


796 8617 


254 9229 


782 0646 


626 6038 


804 0206 


243 7492 


779 338o 


48 


3 


623 2542 


-796 9806 


*54 7356 


782 0193 


626 6605 


804 1404 


243 564 


779 29*4 


47 


4 


623 3111 


797 0995 


254 5484 


781 9740 


626 7172 


804 2601 


243 3788 


779 2468 


4* 


5 


0-623 3^80 


0-797 2185 


1-254 3613 


0-781 9286 


0-626 7738 


0-804 3799 


J-243 1937 


0-779 2012 


44 


z6 


623 4248 


797 3374 


254 1742 


781 8833 


626 8305 


804 4997 


343 0086 


779 1557 


44 


*7 


623 4817 


797 4564 


253 9871 


781 8380 


626 8871 


804 6195 


242 8235 


779 nor 


43 


z8 


623 5385 


797 5754 


253 8000 


781 7926 


626 9438 


804 7393 


242 6385 


779 0645 


4* 


*9 


623 5954 


797 6944 


253 6130 


78i 7473 


627 0005 


-804 8591 


242 4535 


779*0189 


4i 


ao 


0-623 6522 


0-797 8134 


1-2.53 4260 


0-781 7019 


0-627 57* 


0-804 9790 


1-242 2685 


o-778 9733 


40 


az 


623 7091 


797 9324 


253 2390 


781 6566 


627 1138 


805 0988 


242 0836 


778 9277 


39 


aa 


623 7659 


798 0514 


253 0521 


781 6112 


627 1704 


805 2187 


241 8987 


778 8821 


38 


*3 


623 8228 


798 1705 


252 8652 


78r 5658 


627 2270 


805 3386 


241 7138 


778 8365 


37 


4 


623 8796 


798 2895 


252 6784 


781 5205 


627 2837 


805 4584 


341 5290 


778 7909 


36 


as 


0-623 9364 


0-798 4086 


1-252 4915 


0-781 4751 


0-627 343 


0-805 5784 


1-241 3442 


o-778 7452 


35 


aft 


623 9933 


798 5277 


252 3048 


781 4297 


627 3969 


805 6983 


241 1594 


778 6996 


34 


n 


624 0501 


798 6468 


252 1180 


78i 3843 


627 4536 


805 8182 


240 9747 


778 6540 


33 


at 


624 1069 


798 7659 


251 9313 


78i 3390 


627 5102 


805 9382 


2407900 


778 6084 


32 


9 


624 1637 


798 8850 


251 7446 


781 2936 


627 5668 


806 0581 


240 6053 


778 5627 


3 


30 


0-624 2205 


0-799 0042 


I-35I 5579 


0-781 2482 


0-627 6234 


0-806 1781 


1-24042*7 


o-778 5171 


3 


3i 


624 2774 


799 1233 


251 3713 


781 2028 


627 6800 


806 2981 


240 2361 


778 4714 


29 


& 


624 3342 


799 2425 


25 1 1848 


781 1574 


627 7366 


806 4181 


*4 5i5 


778 4258 


a8 


33 


624 3910 


799 3617 


250 9982 


78l 1120 


627 7933 


806 5381 


239 8670 


778 3801 


27 


34 


624 4478 


799 4809 


250 8117 


78l 0666 


627 8499 


-806 6582 


239 6825 


778 3345 


2* 


35 


0-624 5<>46 


0-799 6001 


1-250 6252 


0-78l O2I2 


0-627 9065 


0-806 7782 


1-2394980 


0-778 2888 


35 


3* 


624 5614 


799 7193 


250 4388 


78o 9757 


627 9631 


806 8983 


239 3136 


778 2431 


34 


37 


624 6182 


799 8385 


250 2523 


780 9303 


628 0197 


807 0184 


239 1292 


778 1975 


33 


3< 


624 6749 


799 9578 


250 0660 


780 8849 


628 0762 


807 1384 


238 9448 


778 1518 


aa 


39 


624 7317 


800 0770 


249 8796 


-780 8395 


628 1328 


807 2586 


238 7605 


778 1061 


ai 


4 


0-624 7885 


0-800 1963 


1-249 6933 


0-780 7940 


0-628 1894 


0-807 3787 


1-238 5762 


0-778 0604 


ao 


41 


624 8453 


800 3156 


249 5070 


780 7486 


628 2460 


807 4988 


238 3919 


77 0148 


19 


43 


-624 90*1 


800 4349 


249 3208 


780 7031 


*28 3026 


807 6190 


238 2077 


777 9691 


iS 


43 


624 9588 


800 5543 


349 1346 


780 6577 


628 3591 


807 7391 


238 0235 


777 9334 


17 


44 


625 0156 


800 6736 


248 9484 


780 6123 


628 4157 


807 8593 


*37 8393 


777 8777 


16 


45 


0-625 0724 


0-800 7929 


1-248 7623 


0-780 5668 


o-6z8 4723 


0-807 9795 


1-237 6552 


0-777 8320 


15 


4* 


625 1291 


800 9123 


248 5762 


780 5213 


628 5288 


808 0997 


23747H 


777 7863 


H 


47 


625 1859 


801 0317 


248 3901 


78o 4759 


628 5854 


808 2199 


237 2870 


777 7406 


13 


4 


625 2427 


801 1511 


248 2040 


780 4304 


628 6420 


808 3401 


237 1030 


777 6949 


ia 


49 


625 2994 


80 1 2705 


248 0180 


-780 3849 


628 6985 


8084604 


236 9190 


777 6491 


IZ 


5 


0-625 3562 


0-801 3899 


1-247 8321 


0-780 3395 


0-628 7551 


0-808 5806 


1-236 7350 


0-777 6034 


10 


5i 


625 4129 


801 5093 


247 6461 


780 2940 


628 8116 


808 7009 


236 55 1 1 


777 5577 


09 


53 


625 4696 


801 6288 


247 4602 


780 2485 


628 8682 


808 8212 


236 3672 


7775120 


08 


53 


625 5264 


801 7482 


347 2743 


780 2030 


628 9247 


808 9415 


-236 1833 


777 4662 


07 


54 


625 5831 


80 1 8677 


247 0885 


780 1575 


628 9812 


809 0618 


235 9995 


777 4205 


06 


55 


0-625 6399 


0-801 9872 


1-246 9027 


0-780 1 120 


0-629 0378 


0-809 "822 


1-235 8157 


o-777 3747 


5 


a* 


625 6966 


802 1067 


246 7169 


780 0665 


629 0943 


809 3025 


235 6319 


777 3200 


04 


57 


625 7533 


802 2262 


246 5312 


780 0210 


629 1508 


809 4229 


235 4482 


777 2832 


03 


5 


625 8100 


802 3457 


246 3455 


779 9755 


629 2074 


809 5432 


-235 2645 


777 2375 


oa 


59 


625 8668 


802 4653 


246 1598 


779 9300 


629 2639 


809 6636 


235 0808 


777 1917 


ox 


6* 


0-625 9*35 


0-802 5849 


1-245 9742 


0-779 8845 


0-629 3204 


0-809 7840 


1-2348972 


0-777 1460 


oo 

a 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 




d 


567-570 


1196-1187 


1856-1876 


455-452 


565-567 


1204-1195 


i 83*-! 856 


43*~455 


d 



24- 



C-79 



CM 5-442 



2" 36' 



2" 37' 



d 


565-563 


1204-1213 


1836-1816 


457-461 


564-561 


1212 1222 


l8l7-I797 


460-463 


d 




sin 


tan 


cot 


cos 


sin 


tan 


cot 


cos 




s 
oo 


0-629 3204 


0-809 7840 


1-234 8972 


0-777 J 46o 


0-632 7053 


0-817 0343 


1-223 9389 


0-774 3926 


60 


OI 


629 3769 


809 9044 


234 7136 


777 1002 


632 7616 


8171555 


223 7572 


774 3466 


59 


02 


629 4334 


810 0249 


234 5300 


777 0544 


632 8180 


817 2768 


223 5756 


774 3006 


58 


03 
04 


629 4899 
629 5464 


810 1453 
810 2658 


234 3464 
-234 1629 


777 0086 
776 9629 


632 8743 
632 9306 


817 3981 
8175195 


223 3940 

223 2125 


774 2546 
774 2086 


57 
56 


05 


0-629 6029 


0-810 3863 


1-233 9795 


0-776 9171 


0-632 9869 


0-817 6408 


1-223 0310 


0-774 i25 


55 


06 


629 6594 


810 5067 


233 796o 


776 8713 


633 0432 


817 7621 


222 8495 


774 1165 


54 


07 


629 7159 


810 6272 


233 6126 


776 8255 


633 0995 


817 8835 


222 6680 


-774 0705 


53 


08 


629 7724 


810 7478 


233 4292 


776 7797 


633 1557 


818 0049 


222 4866 


774 0244 


53 


09 


629 8289 


810 8683 


233 2459 


776 7339 


633 ZI20 


818 1263 


222 3052 


773 9784 


5i 


10 


0-629 8854 


0-810 9888 


1-233 0626 


0-776 6881 


0-633 2683 


0-818 2477 


1-222 1239 


o-773 9323 


50 


II 


629 9419 


811 1094 


232 8793 


776 6423 


633 3246 


8x8 3691 


221 9425 


773 8863 


49 


12 


629 9983 


8n 2300 


232 6961 


776 5965 


633 3809 


818 4905 


221 7613 


773 8402 


48 


13 


630 0548 


811 3506 


232 5129 


776 5507 


633 4371 


818 6120 


221 5800 


773 794i 


47 


*4 


630 1113 


8n 4712 


232 3297 


776 5048 


633 4934 


818 7334 


221 3988 


773 7481 


46 


15 


0-630 1678 


0-811 5918 


1-232 1465 


0-776 4590 


0-633 5497 


0-818 8549 


I-22I 2176 


0-773 7020 


45 


16 


630 2242 


81 1 7124 


231 9634 


776 4132 


633 6059 


818 9764 


221 0364 


773 6559 


44 


17 


630 2807 


811 8330 


231 7804 


776 3674 


633 6622 


819 0979 


220 8553 


773 6099 


43 


18 


630 3371 


8u 9537 


231 5973 


776 3215 


633 7185 


819 2194 


22O 6742 


773 5638 


42 


19 


630 3936 


812 0744 


231 4H3 


-776 2757 


633 7747 


819 3410 


220 4931 


773 5177 


4* 


ao 


0-630 4500 


0-812 1951 


1-231 2313 


0-776 2298 


0-633 8310 


0-819 4625 


1-220 3121 


0-773 47i6 


40 


31 


630 5065 


8123158 


231 0484 


776 1840 


633 8872 


819 5841 


220 1311 


773 4255 


39 


22 


630 5629 


812 4365 


230 8655 


776 1381 


633 9435 


819 7056 


219 9501 


773 3794 


38 


23 


630 6194 


812 5572 


230 6826 


776 0923 


633 9997 


819 8272 


219 7692 


773 3333 


37 


*4 


630 6758 


812 6780 


230 4997 


776 0464 


634 559 


819 9488 


219 5883 


773 2872 


36 


25 


0-630 7322 


0-812 7987 


1-230 3169 


0-776 0005 


0-634 "22 


0-820 0705 


I-2I94074 


0-773 241 1 


35 


36 


630 7887 


812 9195 


230 1341 


775 9547 


634 1684 


820 1921 


219 2266 


773 1950 


34 


27 


630 8451 


813 0403 


229 9514 


775 9088 


634 2246 


8203138 


219 0458 


773 H88 


33 


28 


630 9015 


813 1611 


229 7687 


775 8629 


634 2808 


820 4354 


218 8650 


.-773 1027 


33 


29 


-630 9579 


813 2819 


229 5860 


775 8170 


634 3371 


820 5571 


218 6842 


773 0566 


31 


3 


0-631 0144 


0-813 4027 


1-229 4033 


0-775 7711 


0-634 3933 


0-820 6788 


1-218 5035 


0-773 0105 


30 


31 


631 0708 


813 5236 


229 2207 


775 7253 


634 4495 


820 8005 


218 3228 


772 9643 


29 


3* 


631 1272 


813 6444 


229 0381 


775 6794 


634 5057 


820 9222 


'218 1422 


772 9182 


28 


33 


631 1836 


813 7653 


228 8556 


775 6335 


634 5619 


821 0440 


217 9616 


772 8720 


27 


34 


631 2400 


813 8862 


228 6730 


775 5876 


6346181 


821 1657 


217 7810 


' -772 8259 


26 


35 


0-631 2964 


0-814 0071 


1-228 4905 


0-775 5417 


0-634 6743 


0-821 2875 


1-217 6004 


0-772 7797 


35 


36 


631 3528 


814 1280 


228 3081 


775 4957 


634 7305 


821 4093 


217 4199 


772 7336 


34 


37 


631 4092 


814 2489 


228 1257 


775 4498 


634 7867 


821 5311 


217 2394 


772 6874 


=*3 


38 


631 4656 


814 3699 


227 9433 


775 4039 


634 8429 


821 6529 


217 0590 


772 6412 


22 


39 


631 5220 


814 4908 


227 7609 


775 358o 


634 8991 


821 7747 


216 8786 


772 5951 


21 


40 


0-631 5784 


0-8146118 


1-227 5786 


0-775 3121 


0-634 9553 


0-821 8965 


1-216 6982 


0-772 5489 


20 


41 


631 6347 


814 7328 


227 3963 


775 2661 


635 0114 


822 0184 


216 5178 


1 -772 5027 


*9 


42 


631 6911 


814 8538 


227 2140 


775 2202 


635 0676 


822 1403 


216 3375 


772 4565 


18 


43 


631 7475 


814 9748 


227 0318 


775 1742 


635 1238" 


822 2621 


216 1572 


772 4104 


17 


44 


631 8039 


815 0958 


226 8496 


775 1283 


635 1800 


822 3840 


215 9769 


772 3642 


16 


45 


0-631 8602 


0-815 2169 


1-226 6674 


0-775 0824 


0-635 2361 


0-822 5050, 


1-215 7967 


0-772 3180 


15 


46 


631 9166 


815 3379 


226 4853 


775 0364 


635 2923 


822 6279 


215 6165 


772 2718 


14 


47 


631 9729 


815 4590 


226 3032 


774 9904 


635 3485 


822 7498 


215 4363 


772 2256 


'3 


48 


632 0293 


815 5801 


226 I2II 


774 9445 


635 4046 


822 8718 


215 2562 


772 1794 


12 


49 


632 0857 


815 7012 


225 9391 


774 8985 


635 4608 


-822 9937 


215 0761 


772 1332 


II 


50 


0-632 1420 


0-815 8223 


1-225 7571 


0-774 8526 


0-635 5169 


0-823 H57 


1-214 8960 


0-772 0869 


10 


5 1 


632 1984 


815 9434 


225 5751 


774 8066 


635 5731 


823 2377 


214 7160 


772 0407 


09 


52 


632 2547 


816 0646 


225 3932 


774 7606 


635 6292 


823 3597 


2145359 


771 9945 


08 


53 


632 3110 


816 1858 


225 2113 


774 7146 


635 6853 


823 4818 


214 3560 


771 9483 


07 


54 


-632 3674 


816 3069 


225 0294 


774 6686 


6357415 


823 6038 


214 1760 


771 9021 


06 


55 


0-632 4237 


0-816 4281 


1-224 8476 


0-774 6227 


0-635 7976 


0-823 7259 


1-213 9961 


0-771 8558 


05 


5<> 


632 4800 


816 5493 


224 6658 


774 5767 


635 8537 


823 8479 


213 8162 


771 8096 


4 


57 


632 5364 


816 6705 


224 4840 


774 5307 


-635 9099 


823 9700 


213 6364 


771 7633 


03 


58 


632 5927 


816 7918 


224 3023 


774 4847 


635 9660 


824 0921 


213 4565 


771 7171 


02 


59 


632 6490 


816 9130 


224 1205 


774 4387 


636 0221 


8242143 


213 2768 


771 6708 


OI 


60 


0-632 7053 


0-817 0343 


1-223 9389 


0-774 3926 


0-636 0782 


0-824 3364 


1-213 0970 


0-771 6246 


OO 

S 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 




d 


563-565 


1213-1204 


1816-1836 


461-457 


561-564 


I222-I2I2 


1797-1817 


463-460 


d 



C-80 



3 h 23" 



C-80 



3 h 22' 



2 h 38"- 



2 h 39" 



TM 5-442 



d 


56i-5S9 


1221-1230 


1797-1779 


462-465 


559-557 


1230-1239 


1778-1760 


465-468 


d 




sin 


tan 


cot 


COS 


sin 


tan 


cot 


cos 




s 
oo 


0-636 0782 


0-824 3364 


1-213 0970 


0-771 6246 


0-639 4390 


0-831 6912 


1-202 3693 


0-768 8418 


60 


OI 


636 1343 


8244585 


212 9173 


771 5783 


639 4949 


831 8143 


202 1915 


768 7953 


59 


02 


636 190* 


824 5807 


212 7376 


771 5321 


639 5508 


831 9373 


202 0137 


768 7488 


58 


03 


636 2465 


824 7029 


212 5579 


771 4858 


639 6067 


832 060^ 


201 8359 


768 7023 


57 


04 


636 3026 


824 8251 


212 3783 


771 4395 


639 6626 


832 1834 


201 6581 


768 6558 


56 


05 


0-636 3587 


0-824 9473 


1-212 1987 


0-771 3932 


0-639 7185 


0-832 3065 


I-20I 4804 


0-768 6093 


55 


06 


636 4148 


825 0695 


212 0191 


771 3470 


639 7744 


832 4296 


201 3027 


768 5628 


54 


07 


636 4709 


825 1917 


211 8396 


-771 3007 


639 8303 


832 5528 


201 1251 


768 5162 


53 


08 


636 5270 


825 3140 


211 66OI 


771 2544 


639 8862 


832 6759 


200 9475 


768 4697 


5* 


09 


636 5831 


825 4362 


211 4806 


771 2081 


6399421 


832 7990 


200 7699 


768 4232 


5i 


IO 


0-636 6392 


0-825 5585 


I-2II 3OI2 


0-771 1618 


0*639 9980 


0-832 9222 


1-200 5923 


0-768 3766 


50 


XI 


636 6953 


825 6808 


211 I2l8 


771 "55 


640 0538 


833 0454 


200 4148 


768 3301 


49 


12 


636 7513 


825 8031 


210 9424 


771 0692 


640 1097 


833 1686 


200 2373 


768 2835 


48 


13 


636 8074 


825 9254 


2107631 


771 0229 


640 1656 


833 2918 


2OO 0598 


768 2370 


47 


14 


636 8635 


826 0478 


2105837 


770 9766 


640 2214 


8334150 


199 8824 


768 1904 


46 


15 


0-636 9196 


0-826 1701 


I-2I04045 


0-770 9303 


0-640 2773 


0-833 5383 


I-I99 7050 


0-768 1439 


45 


16 


636 9756 


826 2925 


210 2252 


770 8840 


640 3332 


833 6615 


199 5276 


768 0973 


44 


7 


637 0317 


826 4149 


210 0460 


770 8376 


640 3890 


833 7848 


199 3502 


768 0507 


43 


18 


637 0877 


826 5373 


209 8668 


770 7913 


640 4449 


833 9081 


199 1729 


768 0041 


4* 


*9 


637 1438 


826 6597 


209 6877 


770 7450 


640 5007 


8340314 


198 9957 


767 9576 


41 


20 


0-637 1998 


0-826 7821 


1-209 5085 


0-770 6986 


0-640 5566 


0-834 1547 


1-198 8184 


0-767 9110 


40 


21 


637 2559 


826 9045 


209 3294 


770 6523 


640 6124 


834 2780 


198 6412 


767 8644 


39 


22 


6373119 


827 0270 


209 1504 


770 6059 


640 6682 


834 4014 


198 4640 


767 8178 


38 


33 


637 3680 


827 1495 


208 9713 


770 5596 


640 7241 


834 5247 


198 2868 


767 7712 


37 


34 


637 4240 


827 2719 


208 7924 


770 5132 


640 7799 


834 6481 


198 1097 


767 7246 


3 


5 


0-637 4800 


0-827 3944 


1-208 6134 


0-770 4669 


0-640 8357 


0-8347715 


1-197 9326 


0-767 6780 


35 


26 


637 5360 


827 5170 


208 4344 


770 4205 


640 8916 


834 8949 


1977555 


767 6314 


34 


37 


637 5921 


827 6395 


208 2555 


770 3742- 


640 9474 


835 0183 


197 5785 


767 5M 


33 


28 


637 6481 


827 7620 


208 0767 


-770 3278 


641 0032 


835 1418 


i974i I 


767 5382 


33 


29 


637 7041 


827 8846 


207 8978 


770 2814 


641 0590 


835 2652 


1972245 


767 49i6 


3i 


3<> 


0-637 7601 


0-828 0072 


1-207 7190 


0-770 2350 


0-641 1148 


0-835 3887 


1-1970476 


0-767 4450 


3<> 


31 


637 8161 


828 1297 


207 5402 


770 1887 


641 1706 


835 5122 


196 8707 


767 3983 


29 


3* 


637 8721 


828 2523 


207 3615 


770 1423 


641 2264 


835 6357 


196 6938 


767 3517 


28 


33 


637 9282 


828 3750 


207 1828 


770 0959 


641 2822 


835 7592 


196 5169 


767 3051 


37 


34 


637 9842 


828 4976 


207 0041 


770 0495 


641 3380 


835 8827 


196 3401 


767 2584 


26 


35 


0-638 0402 


0-828 6202 


1-206 8255 


0-770 0031 


0-641 3938 


0-836 0062 


1-196 1633 


0-767 2118 


35 


36 


638 0961 


828 7429 


206 6468 


769 9567 


641 4496 


836 1298 


195 9866 


767 1652 


34 


37 


638 1521 


-828 8656 


206 4682 


769 9103 


-641 5054 


836 2534 


195 8099 


767 1185 


33 


3 


638 2081 


828 9883 


206 2897 


769 8639 


641 5612 


836 3769 


1956332 


767 0718 


22 


39 


638 2641 


829 mo 


2O6 1112 


769 8175 


641 6170 


836 5005 


1954565 


767 0252 


21 


40 


0-638 3201 


0-829 2337 


1-205 9327 


0-769 7710 


0-641 6728 


0-836 6242 


1-195 2799 


0-766 9785 


2O 


4< 


638 3761 


829 3564 


205 7542 


769 7246 


-641 7285 


-836 7478 


195 1033 


766 9319 


*9 


4* 


638 4320 


829 4792 


205 5758 


769 6782 


641 7843 


836 8714 


194 9267 


766 8852 


18 


43 


638 4880 


829 6019 


205 3974 


769 6318 


641 8401 


836 9951 


1947501 


766 8385 


17 


44 


638 5440 


-829 7247 


205 2190 


769 5853 


641 8958 


837 1188 


'94 5736 


766 7918 


16 


45 


0-638 5999 


0-829 8475 


205 0407 


0-769 5389 


0-641 9516 


0-837 2425 


1-194 3971 


0-766 7452 


15 


46 


638 6559 


-829 9703 


204 8623 


-769 4925 


642 0074 


837 3662 


1942207 


766 6985 


14 


47 


638 7119 


830 0932 


204 6841 


769 4460 


642 0631 


837 4899 


1940443 


766 6518 


13 


48 


638 7678 


830 2160 


204 5058 


769 3996 


642 1189 


837 6136 


193 8679 


766 6051 


12 


49 


638 8238 


-830 3388 


204 3276 


769 3531 


642 1746 


837 7374 


193 6915 


766 5584 


IX 


5 


0-638 8797 


0-830 4617 


204 1494 


0-769 3066 


0-642 2304 


0-837 8611 


1-193 5152 


0-766 5117 


10 


5 1 


638 9357 


830 5846 


203 9713 


769 2602 


642 2861 


837 9849 


J93 3389 


766 4650 


09 


53 


638 9916 


830 7075 


203 7932 


769 2137 


642 3418 


838 1087 


193 1626 


7664183 


08 


53 


639 0475 


830 8304 


203 6151 


769 1672 


642 3976 


838 2325 


192 9864 


766 3716 


07 


54 


639 i<>35 


830 9533 


203 4370 


769 1208 


642 4533 


838 3564 


192 8102 


766 3248 


06 


55 


0-639 1594 


0-831 0763 


203 2590 


0-769 0743 


0-642 5090 


0-838 4802 


192 6340 


0-766 2781 


05 


56 


639 2153 


831 1992 


203 0810 


769 0278 


642 5647 


838 6041 


1924579 


766 2314 


04 


57 


6392713 


831 3222 


202 9030 


768 9813 


642 6205 


838 7279 


1922818 


766 1847 


03 


58 


639 3272 


831 4452 


202 7251 


768 9348 


642 6762 


8388518 


192 1057 


766 1379 


02 


59 


6393831 


831 5682 


202 5472 


768 8883 


642 7319 


838 9757 


191 9296 


766 0912 


OI 


60 


0-639 4390 


0-831 6912 


202 3693 


0-768 8418 


0-642 7876 


0-839 0996 


191 7536 


0-766 0444 


00 

8 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 




d 


559-561 


1230-1221 


1779-1797 


465-462 


557-559 


1239-1230 


1760-1778 


468-465 


d 



3" 21- 



3" 20" 



TM 5-442 



40-" 



2" 41' 



d 


SS7-5SS 


1239-1249 


1760-1742 


467-470 


555-553 


1248-1258 


1742-1724 


470-473 


d 




sin 


tan 


cot 


cos 


sin 


tan 


cot 


cos 





oo 


0-642 7876 


0-839 0996 


1-191 7536 


0-766 0444 


0-646 1240 


0-846.5625 


1-181 2477 


0-763 2325 


60 


ox 


642 8433 


839 22.36 


191 5776 


765 9977 


646 1795 


846 6873 


181 0735 


763 1855 


59 


oa 


642 8990 


839 3475 


191 4016 


765 9509 


646 2350 


84$ 8122 


i 80 8994 


763 1385 


58 


03 


642 9547 


839 4715 


191 2257 


765 9042 


646 2905 


846 9371 


1807253 


763 0915 


57 


4 


643 0104 


839 5955 


191 0498 


765 8574 


646 3460 


847 0620 


180 5512 


763 0445 


56 


05 


0-643 0661 


0-839 7194 


1-190 8739 


0-765 8107 


0-646 4015 


0-847 1869 


1-180 3771 


0-762 9975 


55 


06 


643 1218 


839 8435 


190 6981 


765 7639 


646 4569 


8473118 


180 2031 


762 9505 


54 


07 


643 1775 


839 9675 


190 5223 


765 7171 


646 5124 


847 4367 


180 0291 


762 9035 


53 


08 


643 2332 


840 0915 


1903465 


765 6704 


646 5679 


847 5617 


1798551 


762 8564 


5* 


09 


643 2888 


840 2156 


190 1708 


765 6236 


646 6234 


847 6867 


179 6812 


762 8094 


5i 


to 


0-643 3445 


0-840 3396 


1-189 9950 


0-765 5768 


0-646 6788 


0-847 8117 


1-179 5073 


0-762 7624 


50 


XI 


643 4002 


840 4637 


189 8194 


765 5300 


646 7343 


847 9367 


179 3334 


762 7154 


49 


xa 


643 4559 


840 5878 


1896437 


765 4832 


646 7898 


848 0617 


179 1595 


762 6683 


48 


>3 


643 5"5 


840 7119 


1894681 


765 4364 


646 8452 


848 1867 


1789857 


762 6213 


47 


<4 


643 5672 


840 8361 


189 2925 


765 3896 


646 9007 


8483118 


178 8119 


762 5742 


46 


15 


0-643 6229 


0-840 9602 


1-189 1169 


0-765 3428 


0-646 9562 


0-848 4368 


1-178 6382 


0-762 5272 


45 


16 


643 6785 


-841 0844 


i 88 9414 


765 2960 


647 01 1 6 


848 5619 


1784644 


762 4802 


44 


17 


643 734* 


841 2085 


188 7659 


765 2492 


647 0671 


848 6870 


178 2907 


7624331 


43 


18 


643 7898 


841 33*7 


188 5904 


765 2024 


647 1225 


848 8121 


178 1170 


762 3860 


4* 


9 


643 45S 


841 4569 


1884149 


7<55 1556 


647 1779 


848 9372 


177 9434 


762 3390 


41 


30 


0-643 9011 


0-841 5812 


1-188 2395 


0-765 1087 


0-647 2334 


0-849 0624 


1-177 7698 


0-762 2919 


40 


ax 


643 9567 


841 7054 


i 88 0641 


765 0619 


647 2888 


849 1875 


177 5962 


762 2448 


39 


aa 


644 0124 


841 8296 


187 8888 


765 0151 


647 3442 


849 3127 


1774227 


762 1978 


38 


33 


644 0680 


841 9539 


1877135 


764 9682 


647 3997 


849 4379 


1772491 


762 1507 


37 


*4 


644 1236 


842 0782 


187 5382 


764 9214 


647 455i 


849 5631 


1770756 


762 1036 


36 


5 


0-644 1793 


0-842 2025 


1-187 3629 


0-764 8746 


0-647 5105 


0-849 6883 


1-176 9022 


0-762 0565 


35 


a6 


644 2349 


842 3268 


187 1877 


764 8277 


647 5659 


849 8135 


1767287 


762 0094 


34 


7 


644 2905 


8424511 


187 0125 


764 7809 


647 6213 


849 9388 


176 5553 


761 9623 


33 


a8 


644 3461 


84* 5755 


-i 86 8373 


764 7340 


647 6767 


850 0640 


176 3820 


761 9152 


32 


29 


644 4017 


842 6998 


1866622 


764 6871 


647 7322 


850 1893 


176 2086 


761 8681 


3i 


30 


0-644 4S73 


0-842 8242 


1-1864871 


0-764 6403 


0-647 7876 


0-850 3146 


1-1760353 


0-761 8210 


3<> 


3* 


644 5129 


842 9486 


186 3120 


764 5934 


647 8430 


850 4399 


175 8620 


761 7739 


*9 


3a 


-644 5685 


843 0730 


186 1369 


764 5465 


647 8984 


850 5653 


175 6888 


761 7268 


28 


33 


644 6241 


843 1974 


185 9619 


764 4997 


647 9537 


850 6906 


175 5155 


76 r 6797 


*7 


34 


644 6797 


843 3218 


185 7869 


764 4528 


648 0091 


850 8159 


175 3423 


761 6326 


a6 


35 


0-644 7353 


0-843 4463 


1-185 6119 


0-764 4059 


0-648 0645 


0-8509413 


1-175 1692 


0-761 5854 


*5 


3< 


644 79) 


843 57o8 


185 4370 


764 3590 


648 1199 


851 0667 


1749960 


76i 5383 


4 


37 


644 8465 


843 6952 


185 2621 


764 3121 


648 1753 


851 1921 


174 8229 


761 4912 


*3 


3 


-644 9021 


843 8x97 


185 0872 


764 2652 


648 2307 


851 3175 


1746498 


761 4440 


aa 


39 


644 9576 


843 9442 


1849124 


764 2183 


648 2860 


851 4430 


174 4768 


761 3969 


ai 


40 


0-645 0132 


0-844 0688 


1-1847376 


0-764 1714 


0-648 3414 


0-851 5684 


1-174 3038 


0-761 3497 


ao 


41 


645 0688 


844 1933 


1845628 


764 1245 


648 3968 


851 6939 


174 1308 


761 3026 


*9 


4* 


645 1244 


844 3179 


1843881 


764 0776 


648 4521 


851 8194 


173 9578 


761 2554 


18 


43 


645 1799 


8444424 


1842133 


764 0307 


648 5075 


851 9449 


173 7849 


761 2083 


*7 


44 


645 2355 


-844 5670 


-184-0387 


763*9838 


648 5628 


852 0704 


173 6120 


761 1611 


16 


45 


0*645 29 to 


0-844 6916 


1-183 8640 


0-763 9368 


0-648 6182 


0-852 1959 


1-1734391 


0-761 1140 


*5 


46 


645 3466 


844 8162 


183 6894 


763 8899 


648 6735 


852 3214 


173 2663 


761 0668 


*4 


47 


645 4021 


844 9409 


183 5148 


763 8430 


648 7289 


852 4470 


i?3 0935 


761 0196 


*3 


48 


645 4577 


845 0655 


183 3402 


763 7960 


648 7842 


852 5726 


172 9207 


760 97*4 


12 


49 


645 5132 


845 1902 


183 1657 


763 7491 


648 8396 


852 6982 


1727479 


760 9252 


II 


5<> 


0-645 5688 


o-845 3H9 


1-182 9912 


0-763 7021 


0-648 8949 


0-852 8238 


i- '72 5752 


0-760 8781 


IO 


5' 


645 6243 


845 4396 


182 8167 


763 6552 


648 9502 


852 9494 


172 4025 


760 8309 


09 


5* 


645 6798 


845 5643 


182 6422 


763 6082 


649 0056 


853 0750 


172 2298 


760 7837 


08 


53 


645 7354 


845 6890 


1824678 


763 5613 


649 0609 


853 2007 


172 0572 


760 7365 


07 


54 


645 7909 


845 813? 


182 2934 


763 5'43 


649 1162 


853 3263 


171 8846 


760 6893 


06 


55 


0-645 8464 


0-845 9385 


1-182 1191 


0-763 4674 


0-649 I7IS 


0-853 4520 


1-171 7120 


0-760 6421 


05 


56 


645 9019 


846 0633 


181 9447 


763 4204 


649 2268 


853 5777 


I7i 5395 


760 5949 


4 


57 


645 9575 


846 1880 


181 7704 


763 3734 


649 2821 


853 7034 


171 3669 


760 5476 


<>3 


58 


646 0130 


8463128 


181 5962 


763 3264 


649 3374 


853 8292 


171 1945 


760 5004 


02 


59 


646 0685 


846 4377 


181 4219 


763 2795 


649 3927 


853 9549 


171 O220 


760 4532 


01 


60 


0-646 1240 


0-846 5625 


1-181 2477 


0-763 2325 


0-649 4480 


0-854 0807 


I-170 8496 


0-760 4060 


00 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 


s 


d 


555-557 


1249-1239 


1742-1760 


470-467 


553-555 


1258-1248 


1724-1742 


473-470 


d 



G-82 



3" 19" 



3" 18-" 



TM 5-442 



2" 42-" 



2" 43-" 



d 


553-551 


1258-1267 


1724-1707 


472-475 


551-548 


1267-1277 


1707-1690 


474-477 


d 




sin 


tan 


cot 


cos 


sin 


tan 


cot 


COS 




00 


0-649 4480 


0-854 0807 


1-170 8496 


0-760 4060 


0-652 7598 


0-861 6551 


1-160 5571 


0-757 5650 


60 


OI 


649 5033 


854 2065 


1706772 


760 3587 


652 8148 


861 7818 


160 3865 


757 5175 


59 


oa 


6 49 5586 


854 3323 


1705048 


760 3115 


652 8699 


861 9086 


160 2158 


757 4700 


58 


03 


649 6139 


854 4581 


1703325 


760 2643 


652 9250 


862 0353 


160 0452 


757 4226 


57 


04 


649 6692 


854 5839 


170 1601 


760 2170 


652 9801 


862 1621 


159 8747 


757 375i 


56 


05 


0-649 7245 


0-854 7097 


1-169 9879 


0-760 1698 


0-653 0352 


0-862 2889 


1-159 7041 


0-757 3276 


55 


06 


649 7798 


854 8356 


169 8156 


760 1225 


653 0902 


8624157 


159 5336 


757 2801 


54 


07 


649 8351 


854 9615 


1696434 


760 0753 


653 1453 


862 5425 


159 3631 


757 2326 


53 


08 


649 8903 


855 0873 


1694712 


760 0280 


653 2004 


862 6694 


159 1927 


757 1851 


S3 


09 


649 9456 


855 2132 


169 2990 


759 9807 


653 2554 


862 7962 


159 0223 


757 1376 


5i 


10 


0-650 0009 


0-855 3392 


1-169 1269 


o-759 9335 


0-653 3105 


0-862 9231 


1-158 8519 


0-757 0901 


So 


ii 


650 0561 


855 4651 


168 9548 


759 8862 


653 3656 


863 0499 


158 6815 


757 0426 


49 


la 


650 1114 


855 5910 


168 7827 


759 8389 


653 4206 


863 1768 


158 5112 


756 9951 


48 


*3 


650 1666 


855 7170 


1686106 


759 7916 


53 4757 


863 3038 


158 3408 


756 9475 


47 


*4 


650 2219 


855 8430 


1684386 


759 7444 


653 5307 


863 4307 


158 1706 


756 9000 


46 


5 


0-650 2771 


0-855 9690 


1-1682666 


o-759 6971 


0-653 5857 


0-863 5576 


1-158 0003 


0-756 8525 


45 


16 


650 3324 


856 0950 


168 0947 


759 6498 


653 6408 


863 6846 


157 8301 


756 8050 


44 


*7 


650 3876 


856 2210 


167 9227 


759 6025 


6S3 6958 


863 8116 


157 6599 


756 7574 


43 


18 


650 4429 


856 3471 


167 7508 


759 5552 


653 75o8 


863 9386 


1574897 


756 7099 


4* 


*9 


650 4981 


8564731 


167 5790 


759 5079 


653 8059 


864 0656 


157 3196 


756 6623 


4i 


ao 


0-650 5533 


0-856 5992 


1-167 4071 


0-759 4606 


0-653 8609 


0-864 1926 


1-157 1495 


0-756 6148 


4 


ai 


650 6086 


856 7253 


167 2353 


759 4133 


653 9^59 


864 3196 


156 9794 


756 5672 


39 


aa 


650 6638 


856 8514 


167 0635 


759 3660 


-653 9709 


864 4467 


156 8093 


756 5197 


38 


as 


650 7190 


856 9775 


166 8917 


759 3i86 


654 0259 


864 5738 


156 6393 


756 4721 


37 


4 


650 7742 


857 1037 


i 66 7200 


759 2713 


654 0810 


864 7009 


156 4693 


756 4246 


36 


*5 


0-650 8294 


0-857 2298 


1-166 5483 


0-759 2240 


0-654 1360 


0-864 8280 


1-1562993 


0-756 3770 


35 


*6 


650 8846 


857 3500 


166 3766 


759 1766 


654 1910 


8649551 


156 1294 


756 3294 


34 


7 


650 9398 


857 4822 


166 2050 


759 1293 


654 2460 


865 0822 


^55 9595 


756 2818 


33 


at 


650 9951 


-857 6084 


166 0334 


759 0820 


654 3010 


865 3094 


155 7896 


756 2343 


3* 


f 


651 0503 


857 7346 


165 8618 


759 0346 


654 356o 


865 3365 


155 6198 


756 1867 


31 


30 


0-651 1054 


0-857 8608 


1-165 6903 


0-758 9873 


0-654 4109 


0-865 4637 


I-I55 4499 


o-756 1391 


30 


3* 


651 1606 


-857 9871 


165 5187 


758 9399 


654 4059 


865 5909 


155 2801 


756 0915 


39. 


3 


651 2158 


858 1133 


165 3472 


758 8926 


654 5209 


865 7181 


155 1104 


756 0439 


3 


33 


651 2710 


858 2396 


165 1758 


-758 8452 


654 5759 


865 8454 


154 9406 


755 9963 


VJ 


34 


651 3262 


858 3659 


165 0043 


758 7979 


654 6309 


865 9726 


1547709 


755 9487 


a6 


35 


0-651 3814 


0-858 4922 


1-164 8329 


o-758 7505 


0-654 6858 


0-866 0999 


1-154 6012 


o-755 9011 


25 


3* 


651 4366 


858 6185 


164 6615 


758 7031 


654 7408 


866 2272 


1544316 


755 8535 


24 


37 


651 4917 


858 7449 


1644902 


758 6557 


654 7958 


866 3545 


154 2620 


755 8059 


33 


3 


651 5469 


858 8712 


164 3189 


758 6084 


654 8507 


8664818 


154 0924 


755 7582 


aa 


39 


651 6021 


858 9976 


164 1476 


758 5610 


654 9057 


866 6091 


153 9228 


755 7o6 


ax 


4 


0-651 6572 


0-859 "40 


1-1639763 


0-758 5136 


0-654 9607 


0-866 7365 


I-I53 7532 


0-755 6630 


ao 


4i 


651 7124 


-859 2504 


163 8051 


758 4662 


655 0156 


866 8638 


153 5837 


755 6153 


'9 


4* 


651 7675 


859 3768 


163 6339 


758 4188 


655 0706 


866 9912 


153 4143 


755 5677 


18 


43 


651 8227 


859 5033 


1634627 


758 37H 


655 1255 


867 1186 


153 2448 


755 5201 


17 


44 


651 8778 


859 6297 


163 2916 


758 3240 


655 1804 


867 2460 


153 0754 


755 4724 


16 


45 


0-65 1 9330 


0-859 7562 


1-163 1204 


0-758 2766 


0-655 2354 


0-867 3734 


1-152 9060 


0-755 4248 


15 


46 


651 9881 


859 8827 


1629493 


758 2292 


655 2903 


867 5009 


152 7366 


755 377J 


14 


47 


652 0433 


860 0092 


1627783 


758 1818 


655 3452 


867 6283 


152 5673 


755 3295 


13 


48 


652 0984 


860 1357 


162 6073 


758 1343 


655 4002 


867 7558 


152 3979 


755 2818 


12 


49 


652 1535 


860 2622 


162 4363 


758 0869 


655 455i 


867 8833 


152 2287 


755 2341 


IX 


50 


0-652 2087 


0-860 3888 


1-162 2653 


0-758 0395 


0-655 5^00 


0-868 0108 


1-152 0594 


0-755 1865 


IO 


5' 


652 2638 


8605153 


162 0943 


757 9921 


655 5649 


868 1383 


151 8902 


755 1388 


09 


5 


652 3189 


860 6419 


161 9234 


757 9446 


655 6198 


868 2659 


151 7210 


755 0911 


08 


53 


652 3740 


860 7685 


161 7525 


757 8972 


655 6748 


868 3934 


151 55i8 


'755 0435 


7 


54 


652 4291 


860 8951 


161 5817 


757 8497 


655 7297 


868 5210 


151 3827 


754 9958 


06 


55 


0-652 4843 


0-86 1 0218 


1-161 4108 


0-757 8023 


0-655 7846 


0-868 6486 


1-151 1136 


o-754 948i 


05 


5 


652 5394 


861 1484 


161 2400 


757 7548 


655 8395 


868 7762 


151 0445 


-754 9004 


04 


57 


652 5945 


861 2751 


161 0693 


757 7074 


655 8944 


868 9038 


150 8754 


754 8527 


03 


5 


652 6496 


861 4017 


i 60 8985 


757 6599 


655 9493 


869 0314 


150 7064 


754 8050 


oa 


59 


652 7047 


861 5284 


i 60 7278 


757 6125 


656 0041 


869 1591 


1505374 


754 7573 


ox 


60 


0-652 7598 


0-861 6551 


160 5571 


o-757 5650 


0-656 0590 


0-869 2867 


1-150 3684 


0-754 7096 


00 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 




d 


551-553 


1267-1258 


707-1724 


475-472 


548-551 


1277-1267 


16901707 


477-474 


d 



3" 17-" 



3" 16" 



C-83 



TM 5-442 



2" 45' 



d 


549-546 


1277-1287 


1690-1673 


477-480 


547-544 


1286-1297 


1673-1656 


479-482 


d 




sin 


tan 


cot 


cos 


sin 


tan 


cot 


cos 




8 
00 


0-656 0590 


0-869 2867 


1-1503684 


0-754 7096 


0-659 3458 


0-876 9765 


1-140 2815 


0-751 8398 


60 


OX 


656 1139 


869 4144 


150 1995 


754 6619 


659 4005 


877 1051 


140 1 142 


751 7919 


59 


02 


6 S 6 1688 


869 5421 


150 0305 


754 6142 


659 4552 


877 2338 


139 9470 


751 7439 


5 


03 


656 2237 


869 6698 


149 8617 


754 5664 


659 5098 


877 3625 


-! 39 7797 


751 6959 


57 


04 


656 2785 


869 7976 


149 6928 


754 5i87 


659 5645 


877 4912 


139 6126 


751 6480 


56 


05 


0-656 3334 


0-869 9253 


1-1495240 


0-754 47io 


0-659 6191 


0-877 6199 


1-1394454 


0-751 6000 


55 


06 


656 3883 


870 0531 


149.3552 


754 4232 


659 6738 


-8 77 7487 


139 2783 


751 5520 


54 


7 


656 4431 


870 1809 


149 1864 


754 3755 


659 7285 


877 8774 


139 1112 


751 5041 


53 


08 


656 4980 


870 3087 


149 0176 


754 3278 


6597831 


878 0062 


138 9441 


751 4561 


5* 


09 


656 5528 


870 4365 


148 8489 


754 2800 


659 8378 


878 1350 


138 7771 


751 4081 


5 


zo 


0-656 6077 


0-870 5643 


1-148 6802 


0-754 2323 


0-659 8924 


0-878 2638 


1-138 6101 


0-751 3601 


50 


XI 


656 6625 


870 6921 


148 5116 


754 1845 


659 9470 


878 3926 


1384431 


751 3121 


49 


12 


-656 7174 


870 8200 


148 3429 


754 1368 


660 0017 


878 5215 


138 2761 


751 2641 


48 


13 


656 7722 


870 9479 


148 1743 


754 0890 


660 0563 


878 6503 


138 1092 


751 2161 


47 


14 


656 8271 


-871 0758 


148 0058 


754 0412 


660 1109 


878 7792 


137 9423 


751 1681 


46 


*5 


0-656 8819 


0-871 2037 


1-147 8372 


0-753 9935 


0-660 1656 


0-878 9081 


I-I37 7754 


0-751 1201 


45 


16 


656 9367 


871 3316 


147 6687 


753 9457 


660 22O2 


879 0370 


137 6086 


751 0721 


44 


17 


656 9916 


871 4596 


147 5002 


753 8979 


660 2748 


879 1659 


I3744I7 


751 0241 


43 


18 


657 0464 


871 5875 


147 3317 


753 8502 


660 3294 


879 2949 


137 2749 


750 9761 


42 


19 


657 1012 


871 7ISS 


147 1633 


753 8024 


660 3840 


879 4238 


137 1082 


750 9281 


4i 


20 


0-657 IS60 


0-871 8435 


1-146 9949 


0-753 7546 


O-660 4386 


0-879 5528 


1-136 9414 


0-750 8800 


40 


21 


657 2108 


871 9715 


146 8265 


753 7068 


660 4932 


879 6818 


1367747 


750 8320 


39 


22 


657 2656 


872 0995 


146 6581 


753 6590 


660 5478 


879 8108 


136 6080 


750 7840 


38 


23 


657 3204 


872 2275 


146 4898 


753 6112 


660 6024 


879 9398 


1364414 


750 7359 


37 


24 


657 3752 


872 3556 


146 3215 


753 5634 


660 6570 


880 0688 


136 2747 


750 6879 


36 


>5 


0-657 4300 


0-872 4837 


1-146 1533 


o-753 5156 


0-660 7116 


0-880 1979 


1-136 1081 


0-750 6398 


35 


26 


-657 4848 


872 6118 


145 9850 


753 4678 


660 7662 


880 3270 


135 9416 


750 5918 


34 


27 


657 5396 


872 7399 


145 8168 


753 4200 


660 8208 


880 4561 


135 7750 


750 5437 


33 


28 


657 5944 


872 8680 


145 6486 


753 3721 


660 8754 


880 5852 


135 6085 


750 4957 


32 


2Q 


657 6492 


872 9961 


1454805 


753 3243 


660 9299 


880 7143 


135 4420 


750 4476 


3i 


30 


0-657 7040 


0-873 1243 


1-145 3123 


0-753 2765 


O-66O 9845 


0-880 8434 


1-135 2756 


0-750 3995 


30 


31 


657 7S88 


873 2524 


145 1442 


753 2287 


661 0391 


880 9726 


135 1091 


7503515 


29 


3* 


657 8135 


873 3806 


1449762 


753 1808 


661 0936 


88r 1017 


1349427 


750 3034 


28 


33 


657 8683 


873 588 


144 8081 


753 133 


66r 1482 


881 2309 


134 7763 


750 2553 


27 


34 


657 9231 


873 6371 


1446401 


753 0851 


66 1 2028 


881 3601 


134 6100 


750 2072 


26 


35 


0-657 9778 


0-873 7653 


1-1444721 


Q-753 0373 


0-66 1 2573 


0-88 r 4894 


I-I344436 


0-750 1592 


25 


36 


658 0326 


873 8935 


1443041 


752 9894 


661 3119 


881 6186 


1342773 


750 mi 


24 


37 


658 0874 


874 0218 


-144 1362 


752 9416 


66 i 3664 


88 i 7478 


134 mi 


750 0630 


23 


38 


658 1421 


874 1501 


143 9683 


752 8937 


661 4210 


881 8771 


133 9448 


750 0149 


22 


39 


658 1969 


874 2784 


143 8004 


752 8459 


66 i 4755 


882 0064 


133 7786 


749 9668 


21 


4<> 


0-658 2516 


0-874 4<^7 


1-143 6326 


0-752 7980 


0-661 5300 


0-882 1357 


1-133 6124 


0-749 9187 


20 


4< 


658 3064 


874 S3SO 


1434648 


752 7501 


66 i 5846 


882 2650 


1334463 


749 8706 


19 


42 


6583611 


874 6634 


143 2970 


752 7022 


661 6391 


882 3944 


133 2801 


749 8224 


18 


43 


6584158 


-874 79i8 


143 1292 


752 6544 


661 6936 


882 5237 


133 1140 


749 7743 


17 


44 


658 4706 


874 9201 


142 9615 


752 6065 


66 1 7482 


882 6531 


1329479 


749 7262 


16 


45 


0-658 5253 


0-875 0485 


1-142 7938 


0-752 5586 


0-661 8027 


0-882 7825 


1-132 7819 


0-749 6781 


15 


46 


658 5800 


875 1769 


142 6261 


752 Sio? 


661 8572 


882 9119 


132 6159 


749 6300 


14 


47 


658 6347 


875 3054 


142 4584 


752 4628 


661 9117 


883 0413 


132 4499 


749 5818 


13 


48 


658 6895 


875 4338 


142 2908 


752 4149 


661 9662 


883 1707 


132 2839 


749 5337 


12 


49 


658 7442 


875 5623 


142 1232 


752 3670 


662 0207 


883 3002 


132 1 1 80 


749 4855 


II 


5 


0-658 7989 


0-875 6908 


1-141 9556 


0-752 3191 


0-662 0752 


0-883 4297 


1-131 9520 


0-749 4374 


IO 


51 


658 8536 


875 8i93 


141 7881 


752 2712 


662 1297 


883 5591 


131 7862 


749 3892 


09 


52 


658 9083 


-875 9478 


141 6206 


752 2233 


662 1842 


883 6886 


131 6203 


749 3411 


08 


53 


658 9630 


876 0763 


141 453i 


752 1754 


662 2387 


883 8182 


I3i 4545 


749 2929 


07 


54 


659 0177 


876 2048 


141 2856 


752 1274 


662 2932 


883 9477 


131 2887 


749 2448 


06 


55 


0-659 0724 


0-876 3334 


1-141 1182 


0-752 0795 


0-662 3477 


0-884 0773 


1-131 1229 


0-749 1966 


05 


56 


659 1271 


876 4620 


140 9508 


7520316 


662 4022 


884 2068 


1309571 


749 1484 


04 


57 


659 1818 


876 5906 


1407834 


751 9836 


662 4566 


884 3364 


1307914 


749 1003 


03 


58 


659 2365 


876 7192 


140 6161 


751 9357 


662 5111 


884 4660 


130 6257 


749 0521 


02 


59 


659 2911 


876 8478 


140 4488 


751 8878 


662 5656 


884 5956 


130 4600 


749 0039 


OX 


60 


0-659 3458 


0-876 9765 


1-140 2815 


0-751 8398 


0-662 6200 


0-884 7253 


1-1302944 


0-748 9557 


OO 

g 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 




d 


546-549 


1287-1277 


1673-1600 


480-477 


544-547 


1297-1286 


1656-1673 


482-479 


d 



C-84 



3" 



3" 14" 



2." 47 



TM 5-442 



d 


545-542 


1296-1307 


1656-1640 


482-484 


543-54 


1307-131? 


1640-1624 


484-487 


d 




sin 


tan 


cot 


cos 


sin 


tan 


cot 


cos 




s 

00 


0-662 6200 


0-884 7253 


1-1302944 


0-748 9557 


0-665 8817 


0-892 5341 


1-1204053 


0-746 0574 


60 


or 


-66a 6745 


884 8549 


130 1288 


748 9075 


665 9359 


892 6648 


1202413 


746 0089 


59 


02 


662 7290 


884 9846 


129 9632 


748 8593 


665 9902 


892 7955 


1200774 


745 9605 


58 


03 


66a 7834 


885 1143 


129 7976 


748 81 1 1 


666 0444 


892 9262 


1199134 


745 9121 


57 


04 


662 8379 


885 2440 


129 6321 


748 7629 


666 0987 


893, 0569 


"97495 


745 8636 


56 


5 


0-662 8923 


0-885 3737 


1-129 4666 


0-748 7H7 


0-666 1529 


0-893 1876 


1-119 5856 


0-745 8152 


55 


06 


662 9468 


885 5034 


129 3011 


748 6665 


666 2071 


93 3184 


1194218 


745 7668 


54 


07 


663 0012 


885 6332 


129 1356 


748 6183 


666 2614 


8'93 4491 


1192579 


745 7183 


53 


08 


663 0557 


885 7630 


128 9702 


748 5701 


666 3156 


*93 5799 


119 0941 


745 6699 


53 


09 


663 noi 


885 8927 


128 8048 


748 5219 


666 3698 


893 7107 


118 9303 


745 6214 


5> 


xo 


0-663 i645 


0-886 0225 


1-128 6395 


0-748 4737 


0-666 4240 


0-893 8415 


1-1187666 


0-745 5729 


5 


II 


663 2190 


886 1524 


1284741 


7^4254 


666 4783 


893 9723 


1186028 


745 5245 


49 


12 


663 2734 


886 2822 


128 3088 


748 3772 


666 5325 


894 1032 


1184391 


745 476o 


48 


13 


-663 3278 


886 4121 


128 1435 


748 3290 


666 5867 


894 2341 


1182755 


745 4275 


47 


14 


663 3822 


886 5419 


1279782 


748 2807 


666 6409 


894 3649 


118 1118 


745 3790 


46 


15 


0-663 4366 


0-886 6718 


1-127 8130 


0-748 2325 


0-666 6951 


0-894 4958 


1-117 9482 


o-745 3306 


45 


16 


663 4910 


886 8017 


127 6478 


748 1842 


666 7497, 


894 6268 


117 7M 


745 2821 


44 


i? 


663 54.55 


886 9316 


127 4826 


748 1360 


666 803.5 


894 7577 


117 6310 


745 2336 


43 


18 


663 5999 


887 0616 


127 3175 


748 0877 


666 8577 


894 8886 


i 17 4575 


745 1851 


4 


19 


663 6543 


887 1915 


127 1523 


748 39S 


666 91 19 


895 0196 


1172940 


745 J"366 


4t 


20 
21 


0-663 7087 
663 7631 


0-887 3215 
887 4515 


1-126 9872 
126 8222 


0-747 9912 
747 9429 


0-666 9661 
667 0202 


0-895 1506 
895 2816 


i -117 1305 
116 9670 


0-745 88i 
745 0396 


40 
39 


22 


663 8174 


887 5815 


126 6571 


747 8946 


667 0744 


895 4126 


116 8036 


7449911 


38 


23 
24 


663 8718 
663 9262 


887 7"5 
887 8415 


126 4921 
126 3271 


747 8464 
747 798i 


667 1286 
667 1828 


895 5437 
895 6747 


116 6401 
1164768 


744 9426 
744 8941 


37 
36 


25 


0-663 9806 


0-887 9716 


1-126 1621 


o-747 7498 


0-667 2369 


0-895 8058 


1-116 3134 


0-744 8455 


35 


26 


664 0350 


888 1017 


125 9972 


747 7015 


667 2911 


895 9369 


116 1501 


744 7970 


34 


27 
28 


664 0893 
664 1437 


888 2318 
888 3619 


125 8323 
125 6674 


747 6532 
747 6049 


667 3453 
667 3994 


896 0680 
896 1991 


115 9868 
115 8235 


744 7485 
744 6999 


33 
3* 


29 


664 1981 


888 4920 


125 5026 


747 5566 


667 4536 


896 3302 


115 6602 


744 6514 


3* 


30 


0-664 2524 


0-888 6221 


1-125 3377 


0-747 5083 


0-667 5077 


0-896 4614 


1-115 4970 


0-744 6029 


30 


31 
32 


664 3068 
664 3612 


888 7523 
888 8825 


125 1729 
125 0081 


747 4600 
7474117 


667 5619 
667 6160 


896 5926 
896 7238 


"5 3338 
115 1706 


744 5543 
744 5058 


29 
28 


33 
34 


664 4155 
664 4699 


889 0126 
889 1428 


124 8434 
124 6787 


747 3634 
7473I5I 


667 6702 
667 7243 


896 8550 
896 9862 


115 0075 
-114 8444 


744 4572 
744 4087 


*7 
26 


35 


0-664 5242 


0-889 2731 


1-124 5 I 4 


0-747 2667 


0-667 7784 


0-897 "74 


1-114 6813 


0-744 3601 


5 


36 


664 5785 


889 4033 


124 3493 


747 2184 


667 8326 


897 2487 


114 5182 


744 3"5 


4 


37 


664 6329 


889 5336 


124 1847 


747 1701 


-667 8867 


897 3800 


H43552 


744 2630 


3 


38 


664 6872 


889 6638 


124 0201 


747 1218 


667 9408 


8975H3 


114 1922 


744 2144 


22 


39 


6647415 


889 794' 


123 8555 


747 0734 


667 9949 


897 6426 


114 0292 


744 ^58 


21 


40 


0-664 7959 


0-889 9244 


1-123 6909 


0-747 0251 


0-668 0490 


0-897 7739 


1-113 8662 


0-744 1173 


20 


41 


664 8502 


890 0548 


123 5264 


746 97-67 


668 1032 


897 9052 


"37033 


744 0687 


'9 

** 


42 


664 9045 


890 1851 


123 3619 


746 97.84 


668 1573 


898 0366 


113 5404 


744 0201 


18 


43 
44 


664 9588 
665 0131 


8903155 
890 4458 


123 1974 
123 0329 


746 8800 
746 8317 


668 2114 
668 2655 


898 1680 
898 2994 


3 3775 
113 2146 


743 9715 
743 9229 


*7 
16 


45 
46 


0-665 ^74 
665 1218 


0-890 5762 
890 7066 


I -122 8685 
122 7041 


0-746 7833 
746 7349 


0-668 3196 
668 3737 


0-898 4308 
898 5622 


1-113 0518 
112 8890 


o-743 8743 
743 8257 


IS 

4 


47 
48 
49 


665 1761 
665 2304 
665 2846 


890 8371 
890 9675 
891 0980 


122 5397 
122 3754 

122 2III 


746 6866 
746 6382 
746 5898 


668 4277 
668 4818 
668 5359 


898 6937 
898 8251 
898 9566 


112 7262 

1125635 

112 4007 


743 7771 
743 7285 
743 6799 


13 

12 
II 


5 


0-665 3389 


0-891 2284 


I 1 22 0468 


0-746 5414 


0-668 5900 


0-899 0881 


I-II2 2380 


0-743 6312 


10 


51 


665 3932 


891 3589 


121 8825 


7464930 


668 6441 


899 2196 


II20754 


743 5826 


09 
_tt 


5* 
53 
54 


665 4475 
665 5018 
665 5561 


891 4894 
891 6200 
891 7505 


121 7183 
121 5541 
121 3899 


746 4446 
746 3962 
746 3478 


668 6981 
668 7522 
668 8063 


899 35" 
899 4827 
899 6143 


III 9127 
III 7501 
I" 5875 


743 534 
743 4854 
743 4367 


OB 
07 
06 


55 


0-665 6103 


0-891 8811 


I-I2I 2257 


0-746 2994 


0-668 8603 


0-899 7459 


I-III 4250 


o-743 3881 


05 


56 


665 6646 


892 01 16 


121 0616 


7462510 


668 9144 


899 8775 


III 2624 


743 3394 


04 


J^ 

57 


665 7189 


892 1422 


120 8975 


746 2026 


668 9685 


900 0091 


III 0999 


743 2908 


03 


58 


665 7731 


892 2729 


120 7334 


746 1542 


669 0225 


900 1407 


II09374 


743 2421 


O2 


i> 

59 


-665 8274 


892 4035 


I2O 5694 


746 1058 


669 0766 


900 2724 


i 10 7749 


743 1935 


OI 


60 


0-665 8817 


0-892 5341 


I-I20 4053 


0-746 0574 


0-669 X 36 


0-900 4040 


i-uo 6125 


0-743 1448 


00 

s 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 




d 


542-545 


1307-1296 


1640-1656 


484-482 


540-543 


1317-1307 


1624-1640 


487-484 


d 



3 h 12" 



G-85 



5-442 



2" 48 m 



2" 49" 



d 


S4I-538 


1317-1327 


1624-1609 


486-489 


539-536 


1327-1338 


1608-1593 


480-492 


d 




sin 


tan 


cot 


cos 


sin 


tan 


cot 


cos 




s 

00 


0-669 1306 


0-900 4040 


i- no 6125 


0-743 1448 


0-672 366$ 


0-908 3360 


i-ioo 9141 


0-740 2181 


60 


ox 


669 1846 


9o 5357 


1104501 


743 0962 


672 4206 


908 4688 


ioo 7533 


740 1692 


59 


02 


669 2387 


900 6674 


KIO 2877 


'743 0475 


672 4745 


908 6015 


loo 5925 


740 1203 


58 


03 


669 2927 


900 7992 


no 1254 


742 9988 


672 5283 


908 7343 


1004317 


740 0714 


57 


04 


669 3468 


9009309 


log 9630 


742 9502 


672 5821 


908 8671 


100 2709 


740 0225 


56 


S 


0-669 4008 


o-goi 0627 


i-i0'9 8007 


0-742 9015 


0-672 6359 


0-908 9999 


I-IOO I1O2 


0-739 9736 


55 


06 


669 4548 


901 1944 


loci 6385 


742 8528 


672 6897 


909 1327 


099 9494 


739 9247 


54 


7 


669 5088 


901 3262 


109 4762 


742 8041 


672 7435 


909 2655 


099 7887 


739 8758 


53 


08 


669 5628 


901 4580 


109 3140 


742 7554 


672 7973 


909 3984 


099 6281 


739 8268 


5> 


09 


669 6169 


90! 5899 


109 1518 


742 7067 


672 8511 


9095313 


099 4674 


739 7779 


5i 


IO 


0-669 6709 


0-901 7217 


1-108 9896 


0-742 6580 


0-672 9049 


0-909 6642 


1-099 3068 


0-739 7290 


50 


IX 


669 7249 


901 8536 


108 8i',75 


742 6093 


672 9587 


909 7971 


099 1462 


739 6800 


49 


12 


669 7789 


901 9854 


108 66.53 


742 5606 


673 0125 


909 9300 


098 9857 


73963" 


48 


3 


669 8329 


902 1173 


108 5032 


742 5119 


673 0663 


910 0629 


098 8251 


739 5822 


47 


14 


669 8869 


902 2493 


108 3412 


7424632 


673 1201 


910 1959 


098 6646 


739 5332 


46 


15 


0-669 94-09 


0-902 3812 


1-108 1791' 


0-742 4145 


0-673 1739 


0-910 3289 


1-098 5041 


0-739 4842 


45 


16 


669 9948 


902 5131 


108 0171 


742 3658 


673 2276 


910 4619 


098 3436 


739 4353 


44 


17 


670 0488 


902 6451 


107 8551 


742 3170 


673 2814 


910 5949 


098 1832 


739 3863 


43 


18 


670 1038 


902 7771 


107 6932 


742 2683 


673 3352 


910 7279 


098 0228 


739 3374 


42 


>9 


670 1568 


902 9091 


1075312 


742 2196 


673 3889 


910 8610 


097 8624 


739 2884 


4i 


20 


0-670 2108 


0-903 0411 


1-107 3693 


0-742 1708 


0-673 4427 


0-910 9940 


1-097 7020 


0-739 2394 


40 


21 


670 2647 


903 1731 


107 2074 


742 1221 


673 4965 


911 1271 


097 5417 


739 1905 


39 


22 


670 3187 


903 3052 


107 0456 


742 0733 


673 5502 


911 2602 


097 3814 


739 1415 


38 


*3 


670 3727 


903 4373 


106 8837 


742 0246 


673 6040 


9" 3933 


097 221 1 


739 0925 


37 


*4 


670 4266 


903 5693 


106 7219 


741 9758 


673 6577 


911 5265 


097 0609 


739 0435 


36 


as 


0-670 4806 


0-903 7014 


i -106 5601 


0-74.1 9271 


0-673 7"5 


0-911 6596 


1-096 9006 


0-738 9945 


35 


26 


670 5345 


903 8336 


106 3984 


-741 8783 


673 7652 


911 7928 


096 7404 


738 9455 


34 


27 


670 5885 


903 9657 


106 2367 


74V 8296 


673 8189 


911 9260 


096 5802 


738 8965 


33 


28 


670 6424 


904 0979 


i 06 0750 


741 7808 


673 8727 


912 0592 


096 4201 


738 8475 


3* 


29 


670 6964 


904 2300 


105 9133 


741 7320 


673 9264 


912 1924 


096 2599 


738 7985 


3 


30 


0-670 7503 


0-904 3622 


1-105 7516 


0-741 6832 


0-673 9801 


0-912 3257 


1-096 0998 


0-738 7495 


30 


3i 


670 8042 


.904 4944 


105 5900 


741 6.H5 


674 0338 


912 4589 


095 9398 


738 7005 


29 


32 


-670 8582 


904 6267 


105 4284 


741 5&''57 


674 0876 


912 5922 


095 7797 


738 6515 


28 


33 


670 9121 


904 7589 


105 2668 


741 5369 


674 1413 


912 7255 


095 6197 


738 6024 


*7 


34 


670 9660 


.904 8912 


105 1053 


741 4881 


674 1950 


912 8588 


095 4597 


738 5534 


26 


35 


0-671 0199 


0-905 0234 


1-1049438 


0-741 439J 


0-674 2487 


0-912 9921 


1-095 2997 


0-738 5044 


25 


36 


671 0739 


905 1557 


104 7823 


741 3905 


674 3024 


913 1255 


095 1397 


738 4553 


24 


37 


671 1278 


905 2880 


104 6208 


741 3417 


674 3561 


913 2588 


094 9798 


738 4063 


23 


38 


671 1817 


905 4204 


104 4594 


741 2929 


674 4098 


913 39" 


094 8199 


738 3573 


22 


39 


671 2356 


90S 5527 


1042979 


741 2441 


674 4635 


913 5256 


094 6600 


738 3082 


21 


40 


0-671 2895 


0-905 6851 


1-104 1365 


o-74i 1953 


0-674 5172 


0-913 6591 


1-094 5002 


0-738 2592 


20 


4i 


671 3434 


905 8175 


103 9752 


741 1464 


674 5709 


9*3 7925 


094 3404 


738 2101 


X 9 


42 


671 3973 


905 9499 


103 8138 


741 0976 


674 6245 


9*3 9259 


094 1806 


738 1611 


18 


43 


671 4512 


906 0823 


103 6525 


741 0488 


674 6782 


914 0594 


094 0208 


738 1120 


17 


44 


671 5051 


906 2147 


103 4912 


741 oooo 


674 7319 


914 1929 


093 8610 


738 0629 


16 


45 


0-671 5590 


0-906 3472 


1-103 3300 


0-7409511 


0-674 7856 


0-914 3264 


1-093 7013 


o-738 0139 


15 


46 


671 6128 


906 4796 


103 1687 


740 9023 


674 8392 


9*4 4599 


093 5416 


737 9648 


14 


47 


671 6667 


906 6121 


103 0075 


740 8534 


674 8929 


9*4 5935 


093 3819 


737 9157 


13 


48 


671 7206 


906 7446 


102 8463 


740 8046 


674 9466 


914 7270 


093 2223 


737 8666 


12 


49 


671 7745 


906 8772 


102 6852 


74 7557 


671; OOO2 


914 8606 


093 0627 


737 8175 


II 


5 


0-671 8283 


o- 907 0097 


I-I02 5241 


0-740 7069 


0-675 539 


0-914 9942 


1-092 9031 


o-737 7684 


10 


5i 


671 8822 


907 1422 


1O2 3629 


740 6580 


675 .1075 


915 1278 


092 7435 


737 7194 


09 


5* 


671 9361 


907 2748 


IO2 20IQ 


740 6092 


675 l6l2 


915 2615 


092 5840 


737 6703 


08 


53 


671 9899 


907 4074 


102 0408 


-740 5603 


675 2.148 


915 3951 


092 4244 


737 6212 


07 


54 


672 0438 


907 5400 


loi 8798 


7405114 


675 2684 


915 5288 


092 2649 


737 5720 


06 


55 


0-672 0976 


0-907 6726 


i-ioi 7188 


0-740 4626 


0-675 321' i 


0-915 6625 


1-092 1055 


0'737 5229 


O5 


56 


672 1515 


907 8053 


101 5578 


7404137 


675 3757 


915 7962 


091 9460 


737 4738 


04 


57 


672 2053 


907 9380 


loi 3968 


740 3648 


675 4293 


915 9299 


091 7866 


737 4247 


03 


58 


672 2591 


908 0706 


ioi 2359 


7403159 


675 4830 


916 0636 


091 6272 


737 3756 


O2 


59 


672 3130 


908 2033 


loi 0750 


740 2670 


675 5366 


916 1974 


091 4678 


737 3265 


OI 


60 


0-672 3668 


0-908 3360 


i- loo 9141 


0-740 2181 


0-675 592 


0-916 3312 


1-091 3085 


0-737 2773 


00 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 


s 


d 


538-541 


1327-1317 


1609-1624 


480-486 


536-539 


1338-1327 


1593-1608 


492-489 


d 



C-86 



3" 11- 



3" 10-" 



TM 5-442 



2" 51' 



d 


S36-S34 


1338-1349 


1543-1578 


491-494 


534-532 


I349-I360 


1578-1564 


493-496 


d 




sin 


tan 


cot 


COS 


sin 


tan 


cot 


COS 




8 
00 
01 
03 
03 
04 


0-675 5902 
675 6438 
675 6974 
675 7510 
675 8046 


0-916 3312 
916 4650 
916 5988 
916 7326 
916 8665 


1-091 3085 
091 1492 
090 9899 
090 8306 
090 6714 


0-737 2773 
737 2282 
737 1791 
737 "99 
.737 0808 


0-678 8007 
678 8541 
678 9075 
678 9609 
679 0143 


0-924 3905 
924 5254 
924 6603 
924 7952 
924 9301 


!-o8i 7939 
081 6361 
081 4783 
08 i 3205 
081 1628 


0-734 3225 
7342731 
734 2238 
734 1744 
734 "SO 


60 
59 

58 
57 
56 


05 
06 

0? 
08 
09 


0-675 8582 
-675 9118 

675 9654 
676 0190 
676 0726 


0-917 0003 
917 1342 
917 2681 
917 4020 
-917 5360 


1-090 5122 
090 3530 
090 1938 
090 0347 
089 8755 


o-73703i6 
736 9825 
736 9333 
-736 8842 
736 8350 


0-679 0677 

679 I2II 
679 1745 
679 2278 
679 28l2 


0-925 0650 

925 2000 
925 3350 
925 4700 
925 6050 


i -08 1 0051 
080 8474 
080 6897 
080 5321 
080 3745 


0-734 0756 
734 0263 

733 9769 
733 9275 
733 8781 


55 
54 
53 
52 
5< 


IO 
II 
12 
13 
14 


0-676 1262 
676 1798 
676 2333 
676 2869 
676 3405 


0-917 6699 
917 8039 

917 9379 
9 1 o 07 i 9 
-918 2059 


1-089 7165 
089 5574 
089 3984 
089 2393 
089 0803 


0-736 7858 I 0-679 334 6 
736 7367 -679 3879 
7366875 -6794413 
7366383 -6794947 
736 5891 -679 548o 


O-925 74OO I I -080 2169 
925 8751 -080 0593 

926 0102 -079 9018 

926 1452 -079 7442 
926 2804 -079 5868 


0-733 8287 
733 7793 
733 7299 
733 6805 
733 6310 


5 
49 
4 
47 
46 


15 


0-676 3941 


0-918 3399 


i -088 9214 


0-736 S399 0-679 6014 


0-9264155 1-0794293 
ftif> teoft -oio 11 \ 8 


0-733 5816 

7T* S122 


45 

A A 



16 

17 
18 

19 

20 
21 

a 

3 
4 

5 

26 
27 
28 
29 

30 
3' 
32 
33 

34 



676 4476 
676 5012 
676 5547 
676 6083 

0-676 6618 
676 7154 
676 7689 
676 8224 
676 8760 

0-676 9295 
676 9830 
-677 0365 
677 0901 
677 1436 

0-677 
677 2506 
677 3041 
677 3576 
6774111 

0-677 4646 
677 5181 
677 
-677 6250 
-677 6785 

0-677 7320 
677 7855 
677 8389 
677 8924 
677 9459 

0-677 9993 
678 0528 
678 1062 
678 1597 
678 2131 

0-678 2666 
678 3200 
678 3734 
678 4268 
678 4803 



60 



918 4740 
918 6081 
918 7422 
918 8763 

0-919 0104 
919 1446 
919 2787 
919 4129 
919 547' 

0-919 6814 
.919 8156 
919 9499 
920 0841 
920 2184 

0-920 3527 
920 4871 
920 6214 
920 7558 
920 8902 

0-921 0246 
921 159 
921 2934 
921 4279 
921 5624 

0-921 6969 
921 8314 
-921 9659 
922 1004 
922 2350 

0-922 3696 
922 5042 
922 6388 
922 7734 
922 9081 

0-923 0428 
923 1775 
923 3122 
923 4469 
923 5816 



0-678 5337 
-678 5871 
678 6405 
678 6939 
678 7473 

0-678 8007 



COS 



0-923 7164 
-923 8512 
923 9860 
924 1208 
924 2556 

0-924 3905 



088 7624 
088 6035 
088 4446 
088 2858 

i -088 1269 
087 9681 
087 8093 
087 6506 
087 4918 

1-087 3331 
087 1744 
087 0158 
086 8571 
086 6985 

i -086 5399 
086 3814 
086 2228 
086 0643 
085 9058 

1-085 7474 
085 5889 
085 4305 
085 2721 
085 1138 

1-084 9554 
084 7971 
084 6388 
084 4806 
084 3223 

1-084 1641 
084 0059 
-083 8478 
083 6896 
083 5315 

1-083 3734 
083 2154 
083 0573 
082 8993 
082 7413 

1-082 5834 
082 4254 
082 2675 
082 1096 
081 9517 

i -08 1 7939 



cot 



d 534-536 | I349-U38 



/ *f~ T * ~ 

7364416 
736 3924 
736 3432 

0-736 2940 
736 2447 
736 1955 
736 H63 
736 0971 

0-736 0479 

735 9986 
735 9494 
735 9002 
735 8509 
0-735 8017 
735 7524 
735 7032 
735 6539 
735 6047 

0-735 5554 
735 5061 
735 4568 
735 4076 
735 3583 

0-735 3090 
735 2597 
735 2104 
735 1611 
735 i 

0-735 0625 
7350132 
734 9639 
-7349146 
734 8653 

0-734 8160 

734 7666 
7347173 
734 6680 

7346186 

o-734 5693 
7345199 
7344706 
-7344212 
73437^9 



679 7081 
679 7614 
679 8147 

0-679 8681 
679 9214 
679 9747 
680 0280 
6800813 

0-680 1347 
680 1880 
680 2413 
680 2946 
680 3479 

0-680 4012 
-680 4545 
680 5078 
680 5610 
680 6143 

0-680 6676 
680 7209 
680 7741 
680 8274 
-680 8807 

0-680 9339 
680 9872 
681 0404 
68 1 0937 
681 1469 

0-68 i 2002 
681 2534 
68 i 3066 
681 3599 
681 4131 

0-681 4663 
681 5195 
681 5728 
68 i 6260 
681 6792 



926 6858 | 
926 8210 
926 9562 

0-927 0914 
927 2266 
927 3619 
927 4971 
927 6324 

0-927 7677 
.927 9031 
928 0384 
928 1738 
928 3092 

0-928 4446 
928 5800 
928 7154 
928 8509 
928 9863 

[ 0-929 1218 
929 2573 
-929 3929 
929 5284 
929 6640 

0-929 7996 
929 9352 
930 0708 
930 2064 
-930 3421 

0-930 4778 
930 6135 
.930 7492 
930 8849 
931 0206 

0-931 1564 
931 2922 
931 4280 
931 
931 6997 



o-68 1 7324 
681 7856 
68! 8388 
681 8920 
681 9452 



8355 

931 97H 

932 1073 
932 2432 

932 379' 



079 1144 
078 9570 
078 7997 

1-078 6423 
078 4850 

078*327? 
078 1704 
078 0132 

1-077 8560 
077 6988 
077 5416 

077 3845 
077 2273 

1-077 0702 
076 9132 
076 7561 
076 5991 
-076 4421 

1-076 2851 
076 1282 
075 9712 
075 8143 
075 6575 

1-075 5006 
075 3438 
075 1870 
075 0302 
074 8734 

1-0747167 
074 5600 
-074 4033 
-074 2467 
074 0900 

o?3 9334 
073 7769 
073 6203 
-073 4638 
-073 3073 

1-073 1508 
072 9943 
072 8379 
-072 6815 
072 5251 



733 4828 
7334333 
733 3839 

0-733 3345 
733 2850 
733 2356 
733 1861 
733 1367 

0-733 0872 

733 037? 
732 9883 
732 9388 
732 8893 

o-732 8398 
732 7904 
732 7409 
732 6914 
732 6419 



5924 

732 5429 
732 4934 
732 4439 
732 3944 

o-732 3449 
732 2953 
732 2458 
732 1963 
732 1467 

0-732 0972 
732 0477 
731 9981 
731 9486 
731 8990 

o-73i 8495 
731 7999 
73i 753 
731 7008 
731 6512 

0-731 6016 
731 5521 
731 5025 
731 4529 
731 433 



39 
38 
37 
36 

35 
34 
33 
3* 



28 

2? 

26 

25 

24 
23 
22 



0-734 3225 0-681 9984 0-932 5151 i'72 3687 



tan 



sin 



cos 



cot 



tan 



2O 
19 

18 

I? 

16 

15 
14 
13 

12 

II 



09 
08 

07 
06 



04 

03 

02 
01 



o-73i 3537 I oo 



sin 



3" 09-" 



532-534 I 1360-1349 I 1564-1578 I 496-493 I d 

3 h 08 m C-87 



TM 5-442 



2" 52" 



2" 53- 



d 


532-529 


1359-1371 


1563-1549 


496-499 


530-527 


1371-1382 


1549-1535 


498-501 


d 




sin 


tan 


cot 


cos 


sin 


tan 


cot 


COS 




s 
oo 


0-68 1 9984 


0-932 5151 


1-072 3687 


o-73i 3537 


0-685 1830 


0-940 7061 


1-063 0313 


0-728 3710 


60 


ox 

03 


682 0515 
682 1047 


932 6511 
932 7870 


072 2124 
072 0561 


731 3041 
731 2545 


685 2360 
685 2889 


940 8432 
940 9803 


062 8764 
062 7216 


728 3211 
728 3713 


59 
58 


03 


682 1579 


932 9230 


074 8998 


731 2049 


685 3419 


941 1174 


062 5667 


728 3215 


57 


4 


682 2III 


933 059i 


071 7435 


731 1553 


685 3948 


-941 2545 


062 4119 


728 1716 


5* 


05 


0-682 2642 


0-933 1951 


1-071 5873 


0-731 1057 


0-685 4478 


0-941 3917 


1-062 2571 


0-728 1218 


55 


06 


682 3174 


933 33'2 


071 4310 


731 0561 


685 5007 


941 5289 


062 1023 


728 0719 


54 


07 


682 3706 


933 4073 


071 2749 


731 0064 


685 5537 


941 6661 


06 I 9476 


728 0221 


53 


08 


682 4237 


933 6034 


071 1187 


730 9568 


-685 6066 


941 8033 


06 I 7929 


727 9722 


S 


09 


682 4769 


933 7395 


070 9625 


730 9072 


685 6596 


941 9405 


061 6382 


727 9224 


5 


zo 


0-682 5300 


0-933 8756 


1-070 8064 


o-730 8575 


0-685 7125 


0-942 0778 


1-061 4835 


0-727 8725 


50 


XI 


682 5832 


934 01 18 


070 6503 


730 8079 


685 7654 


942 2150 


061 3288 


727 8226 


49 


12 


1682 6363 


934 1479 


070 4943 


730 7583 


685 8184 


942 3523 


061 1742 


727 7728 


48 


13 


682 6895 


934 2841 


070 3382 


730 7086 


-685 8713 


942 4896 


061 0196 


727 7229 


47 


14 


682 7426 


934 4203 


070 1822 


730 6590 


685 9242 


942 6270 


060 8650 


.727 6730 


46 


15 


0-682 7957 


0-934 5566 


1-070 0262 


0-730 6093 


0-685 977J 


0-942 7643 


i -060 7105 


0-727 6231 


45 


x6 


682 8489 


934 6928 


069 8702 


730 5597 


686 0300 


942 9017 


060 5560 


727 573* 


44 


*7 


682 9020 


934 8291 


069 7143 


730 5100 


686 0829 


943 039 


060 4015 


727 5233 


43 


18 


682 9551 


934 9654 


069 5583 


730 4603 


686 1358 


943 1765 


060 2470 


727 4734 


42 


19 


683 0082 


935 1017 


069 4024 


730 4107 


686 1887 


943 3139 


060 0925 


727 4235 


4i 


ao 


0-683 0613 


0-935 2380 


1-069 2466 


0-730 3610 


0-686 2416 


0-9434513 


1-059 9381 


0-727 3736 


40 


31 


683 1145 


935 3743 


069 0907 


730 3"3 


686 2945 


943 5888 


059 7837 


727 3237 


39 


32 


683 1676 


935 5107 


-068 9349 


730 2616 


686 3474 


943 7263 


059 6293 


727 2738 


38 


23 


683 2207 


935 6471 


068 7791 


730 2120 


686 4003 


943 8638 


059 4749 


727 2239 


37 


24 


683 2738 


935 7834 


068 6233 


730 1623 


686 4532 


9440013 


059 3206 


727 1740 


36 


25 


0-683 3269 


0-935 9199 


1-0684675 


O-730 1126 


0-686 5061 


0-944 1388 


1-059 1663 


0-727 1241 


35 


26 


683 3800 


936 0563 


068 3118 


730 0629 


686 5589 


944 2764 


059 01 20 


727 0741 


34 


27 


683 4331 


936 1927 


068 1561 


7300132 


6866118 


944 4140 


058 8577 


727 0242 


33 


38 


683 4861 


936 3292 


068 0004 


729 9635 


686 6647 


944 55i6 


058 7>35 


726 9743 


3* 


29 


683 5392 


936 4657 


067 8448 


729 9138 


686 7176 


944 6892 


058 5492 


726 9243 


3i 


3<> 


0-683 5923 


0-936 6022 


1-067 6891 


0-729 8641 


0-686 7704 


0-944 8268 


1-0583950 


0-726 8744 


30 


3i 


683 6454 


936 7387 


067 5335 


729 8144 


686 8233 


944 9645 


058 2409 


726 8245 


29 


3* 


683 6984 


936 8753 


067 3779 


729 7646 


686 8761 


945 1021 


058 0867 


726 7745 


28 


33 


683 7515 


937 0118 


067 2224 


729 7H9 


686 9290 


945 2398 


057 9326 


726 7246 


V} 


34 


683 8046 


937 1484 


067 0668 


729 6652 


686 9818 


945 3775 


057 7785 


726 6746 


36 


35 


0-683 8576 


0-937 2850 


1-066 9113 


0-729 6155 


0-687 0347 


o-945 5152 


1-057 6*44 


0-726 6246 


25 


36 


683 9107 


937 4216 


066 7558 


729 5657 


687 0875 


945 6530 


057 4704 


726 5747 


34 


37 


683 9638 


937 5583 


066 6004 


729 5160 


687 1403 


945 7908 


057 3163 


726 5247 


33 


38 


684 0168 


937 6949 


066 4449 


729 4663 


687 1932 


945 9285 


057 1623 


726 4747 


33 


39 


684 0699 


937 8316 


066 2895 


729 4165. 


687 2460 


946 0663 


057 0083 


726 4248 


31 


40 


0-684 1229 


0-937 9683 


1-066 1341 


0-729 3668 


0-687 2988 


0-946 2042 


1-056 8544 


0-726 3748 


30 


41 


684 1759 


938 1050 


065 9787 


729 3170 


687 3517 


946 3420 


056 7004 


726 3248 


>9 


42 


684 2290 


938 2417 


065 8234 


729 2672 


687 4045 


946 4799 


056 5465 


726 2748 


18 


43 


684 2820 


938 3785 


065 6681 


729 2175 


687 4573 


946 6177 


056 3926 


726 2248 


7 


44 


684 3350 


938 5153 


065 5128 


729 1677 


687 5101 


946 7556 


056 2388 


726 1748 


16 


45 


0-684 3881 


0-938 6520 


1-065 3575 


0'729 1 1 80 


0-687 5629 


0-946 8935 


1-056 0849 


0-726 1248 


15 


46 


684 4411 


938 7888 


065 2023 


729 0682 


687 6157 


9470315 


55 93" 


726 0748 


>4 


47 


684 4941 


938 9257 


065 0470 


729 0184 


687 6685 


947 1694 


055 7773 


726 0248 


3 


48 


684 5471 


939 0625 


064 8918 


728 9686 


687 7213 


947 3074 


055 6235 


725 9748 


13 


49 


684 6001 


939 1994 


064 7367 


728 9188 


687 7741 


947 4454 


055 4698 


725 9248 


XI 


50 


0-684 6531 


Q'939 3362 


1-064 5815 


0-728 8691 


0-687 8269 


0-947 5834 


1-055 3i 01 


0-725 8748 


IO 


Si 


684 7061 


939473' 


064 4264 


728 8193 


687 8797 


9477214 


055 1624 


725 8247 


09 


52 


684 759! 


939 6101 


0642713 


728 7695 


687 9325 


947 8595 


055 0087 


725 7747 


08 


53 


684 8121 


939 7470 


064 1162 


728 7197 


687 9852 


947 9976 


054 8550 


725 7247 


07 


54 


684 8651 


939 8839 


063 9611 


728 6699 


688 0380 


948 1356 


054 7014 


725 6747 


06 


55 


0-684 9'8i 


0-940 0209 


1-063 8061 


0-728 6201 


0-688 0908 


0-948 2738 


J-054 5478 


0-725 6246 


05 


S* 


684 9711 


940 1579 


063 6511 


728 5703 


688 1435 


9484119 


54 3942 


725 5746 


04 


57 


685 0241 


940 2949 


063 4961 


728 5204 


688 1963 


948 5500 


054 2407 


725 5245 


03 


58 


685 0770 


940 4320 


063 3412 


728 4706 


688 2491 


948 6882 


054 0871 


725 4745 


O2 


59 


685 1300 


940 5690 


063 1862 


728 4208 


688 3018 


948 8264 


053 9336 


725 4244 


01 


60 


0-685 1830 


0-940 7061 


1-063 0313 


0-728 3710 


0-688 3546 


0-948 9646 


1-053 7801 


0-725 3744 


00 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 


s 


d 


529-532 


'37J-I359 


1549-1563 


499-496 


527-530 


1382-1371 


I 53S-I549 


501498 


<\ 



G-88 



3 h 07" 



528-5*5 



15 



23 



26 

27 

28 
29 

30 
3* 
32 

33 
34 

35 
36 
37 
38 
39 

40 
41 
42 



sm 



0-688 3546 
688 4073 
688 4601 
688 5128 
688 5655 

0-688 6183 
688 6710 
688 7237 
688 7765 
688 8292 

0-688 8819 
688 9346 
688 9873 
689 0400 
689 0927 

0-689 1454 
689 1981 
689 2508 
689 3035 
689 3562 

0-689 4089 
689 4615 
689 5142 
689 5669 
689 6195 

0-689 6722 
689 7249 
689 7775 
689 8302 
689 8828 

0-689 9355 
689 9881 
690 0407 
690 0934 
690 1460 

0-690 1986 
690 2512 
690 3039 
690 3565 
690 4091 



0-690 4617 
690 5143 
690 5669 



1382-1394 

tan 

0-948 9646 

949 1028 
949 2410 
949 3793 
949 5176 

'949 6559 
949 7942 
949 9325 
950 0709 
950 2092 

0-950 3476 
950 4860 
950 6245 
950 7629 
950 9014 

0-951 0399 
951 1784 
951 3169 
951 4555 
95i 5940 

0-951 7326 
95t 8712 
952 0098 
952 1485 
952 2871 

0-952 4258 
952 5645 
952 7032 
952 8420 
952 9807 

0-953 U95 
953 2583 
953 3971 
953 5359 
953 6748 

0-953 8137 
953 9526 
9540915 
954 2304 

954 3693 



0-954 5083 
954 6473 
954 7863 



cot 

1-053 7801 
053 6267 
53 4732 
053 3198 
053 1664 

1-053 0130 
052 8597 
052 7064 
052 5531 
052 3998 

i -052 2465 
052 0933 
051 9401 
051 7869 
051 6338 

1-051 4806 

051 3275 
051 1744 
051 0214 
050 8683 

1-0507153 
050 5623 
050 4093 
050 2564 
050 1034 

49 9505 
049 7977 
049 6448 
049 4920 
049 3392 

1-049 1864 
049 0336 
048 8809 
048 7282 
048 5755 

1-048 4228 
048 2702 
048 1175 
047 9649 
047 8124 



1-047 6598 
047 5073 
047 3548 



COS 

0-725 3744 
725 3243 
725 2742 
725 2242 
725 1741 

0-725 1240 
725 0740 
725 0239 
724 9738 
724 9237 

0-724 8736 
724 8235 
724 7734 
724 7233 
724 6732 

0-724 6231 
724 5729 
724 5228 
724 4727 
724 4226 

0-724 3724 
724 3223 
724 2722 

724 222O 
724 1719 

0-724 1217 
724 0716 
724 0214 
723 9712 
723 9211 

0-723 8709 
723 8207 
723 7705 
723 7204 
723 6702 

0-723 62OO 
723 5698 
723 5196 
723 4694 
723 4192 



0-723 3690 
723 3187 
723 2685 



526-523 


n 
1394-1406 


1521-150 


1 1 
503-505 d 


sin 


tan 


cot 


COS 


0-691 5131 


0-957 2917 


1-044 6136 


0-722 3640 60 1 


I -691 5656 


95743" 


044 4616 


722 3137 59 1 


691 6i8r 


957 S705 


0443095 


722 2634 58 1 


691 6706 


957 7099 


044 1575 


722 2131 57 1 


691 7232 


957 8494 


044 0055 


722 1628 56 I 


0-691 7757 


o-957 9888 


1 -43 8535 


0-722 1125 55 I 


691 8282 


958 1283 


043 7016 


722 0622 54 1 


691 8807 


958 2678 


043 5497 


7220119 53 1 


691 9332 


958 4073 


043 3977 


721 9615 52 I 


691 9857 


958 5468 


43 2459 


721 9112 51 1 


0-692 0382 


0-958 6864 


1-043 0940 


0-721 8609 50 1 


692 0907 


958 8259 


042 9422 


721 8106 49 1 


692 1432 


958 9655 


0427904 


721 7602 48 I 


692 1957 


959 1051 


042 6386 


721 7099 47 1 


692 2481 


959 2448 


042 4868 


721 6596 46 1 


0-692 3006 


o-959 3844 


t-042 3351 


0-721 6092 45 1 


692 3531 


959 5241 


042 1833 


721 5589 44 1 


692 4056 


959 6638 


042 0316 


721 5085 43 1 


6924580 -9598035 


041 8800 


721 4582 42 1 


692 5105 -959 9432 


041 7283 


721 4078 4 1 


0-692 5630 0-960 0829 


1-041 5767 


0-721 3574 40 1 


692 6154 


960 2227 


041 4251 


721 3071 39 I 


692 6679 


960 3625 


041 2735 


721 2567 38 I 


692 7203 


960 5023 


041 1219 


72i 2063 37 1 


692 7728 


960 6421 


040 9704 


721 1559 36 \ 



0-692 8252 
692 8776 
692 9301 
692 9825 

693 0349 

0-693 0874 
693 1398 

693 1922 
693 2446 
693 2970 

0-693 3494 
693 4018 
693 4542 
693 5066 
693 5590 



6114 
693 6638 
693 7162 



0-960 7819 
960 9218 
961 0617 
961 2016 
961 3415 

0-961 4815 
961 6214 
961 7614 
961 9014 
962 0414 

0-962 1814 
962 3215 
962 4616 
962 6017 
962 7418 

0-962 8819 
963 022 1 
963 1623 



1-040 8189 
040 6674 
040 5159 
040 3645 
040 2131 

1-040 0617 
039 9103 
039 7589 
039 6076 

039 4563 
1-0393050 
039 1538 
039 0025 
038 8513 
038 7001 

1-038 5489 
-038 3978 
038 2467 



0-721 1056 
721 0552 
721 0048 
720 9544 
720 9040 

0-720 8536 
720 8032 
720 7528 
720 7024 
720 0520 

0-720 6015 
720 5su 
720 5007 
720 4503 
720 3998 

0-720 3494 
720 2989 
720 2485 



M 

44 


-u^w uiyj 
690 6721 


V31- V*3J 

955 0644 


v t/ **j 
047 0498 


/~j **vj 

723 1681 


"VJ /""O 

693 8209 


y"j , w *3 
963 4427 


037 9445 


/.*w iyov 

720 1476 




45 


O-690 7247 


0-955 2034 


1-046 8974 


0-723 1179 


0-693 8733 


0-963 5829 


* -037 7934 


0-720 0971 


i 


46 


690 7773 


955 3425 


046 7450 


723 0676 


693 9256 


963 7232 


037 6424 


720 0467 


14 


47 


690 8298 


955 4816 


046 5926 


723 0174 


693 9780 


963 8634 


-037 4914 


719 9962 


13 


48 


690 8824 


955 6208 


046 4402 


722 9671 


694 0304 


964 0037 


-037 3404 


719 9457 


12 


49 


690 9350 


955 7599 


046 2879 


722 9169 


694 0827 


964 1440 


037 1894 


719 8953 


IX 


5<> 


0-690 9876 


0-955 8991 


1-046 1356 


0-722 8667 


0-694 1351 


0-964 2844 


1-037 0385 


0-719 8448 


10 


51 


691 0401 


956 0382 


045 9833 


722 8164 


694 1874 


964 4247 


036 8876 


719 7943 


09 


S 2 


691 0927 


956 1774 


045 8310 


722 7661 


694 2398 


9645651 


036 7367 


719 7438 


08 


53 


691 1452 


956 3167 


045 6787 


722 7159 


694 2921 


964 7055 


036 5858- 


' '"719 6933 


7 


54 


691 1978 


956 4559 


045 5265 


722 6656 


694 3444 


964 8459 


036 4349 


719 6428 


06 


55 


0-691 2504 


0-956 5952 


1-045 3743 


0-722 6154 


0-694 3968 


0-964 9863 


1-036 2841 


0-719 5923 


5 


56 


691 3029 


956 7344 


045 2221 


722 5651 


694 4491 


965 1268 


036 1333 


719 5418 


04 


57 


691 3554 


956 8737 


045 0700 


722 5148 


694 5014 


965 2672 


035 9825 


7194913 


03 


58 


691 4080 


9570I3I 


044 978 


722 4645 


694 5537 


965 4077 


035 8318 


7194408 


03 


59 


691 4605 


957 1524 


044 7657 


722 4142 


694 6061 


965 5482 


035 6810 


719 3903 


OX 


60 


0-691 5131 


0-957 2917 


1-044 6136 


0-722 3640 


0-694 6584 


0-965 6888 


1-035 5303 


0-719 3398 


OO 

8 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 




d 


525-528 


1394-1382 


1521-1535 


503-500 


523-526 


1406-1394 


1507-1521 


505-503 


d 



3" 05' 



3" 04" 



C-89 



TM 5-442 



2" 56" 



2" 57" 



d 


523-521 


1405-1418 


1507-1494 


505-508 


521-518 


1417-1430 


i493-H8o 


507-510 


d 


g 


sin 


tan 


cot 


cos 


sin 


tan 


cot 


cos 




oo 


0-694 6584 


0-965 6888 


1-035 5303 


0-719 3398 


0-697 79s 


0-974 1569 


1-026 5287 


0-716 3019 


60 


ox 


694 7107 


965 8293 


035 3796 


719 2893 


697 8425 


974 2986 


026 3794 


716 2512 


59 


02 


694 7630 


965 9699 


035 2290 


719 2388 


697 8946 


974 4404 


026 2301 


716 2004 


58 


03 


6948153 


966 1105 


035 0783 


719 1882 


697 9467 


974 5822 


026 0808 


716 1497 


57 


4 


694 8676 


966 2511 


034 9277 


719 1377 


697 9988 


974 7240 


025 9315 


716 0989 


56 


OS 


0-694 9199 


0-966 3917 


1-034 777 


0-719 0872 


0-698 0509 


0-974 8658 


1-025 7822 


0-716 0482 


55 


06 


694 972* 


966 5324 


034 6265 


719 0366 


698 1029 


975 0076 


025 6330 


715 9974 


54 


07 


695 0245 


966 6730 


034 4759 


718 9861 


698 1550 


975 1495 


025 4838 


715 9466 


53 


08 


695 0767 


966 8137 


034 3254 


7189355 


698 2071 


975 2914 


025 3346 


7'5 8 959 


52 


09 


695 1290 


966 9544 


034 1749 


718 8850 


698 2591 


975 4333 


025 1854 


715 8451 


S 


10 


0-695 1813 


0-967 0952 


1-034 0244 


0.7188344 


0-698 3112 


0-975 5752 


1-025 0363 


0-715 7943 


50 


IX 


695 2336 


967 2359 


033 8739 


718 7839 


698 3632 


975 7172 


024 8872 


715 7435 


49 


12 


695 2858 


967 3767 


033 7235 


7i8 7333 


698 4153 


975 8591 


024 7381 


715 6927 


48 


'3 


695 3381 


967 5 '75 


033 5731 


718 6828 


698 4673 


976 oon 


024 5890 


715 6419 


47 


14 


695 3904 


967 6583 


033 4227 


718 6322 


698 5194 


97* H3I 


024 4399 


715 59" 


46 


5 


0-695 4426 


0-967 7991 


1-033 2723 


0-718 5816 


0-698 5714 


0-976 2851 


1-024 2909 


0-715 5403 


45 


16 


695 4949 


967 9399 


033 1220 


718 5310 


698 6234 


976 4272 


024 1419 


715 4895 


44 


I? 


695 5471 


968 0808 


032 97l6 


718 4805 


698 6755 


976 5693 


023 9929 


715 4387 


43 


18 


695 5994 


968 2217 


O32 8213 


718 4299 


698 7275 


976 7113 


023 8440 


715-3879 


42 


19 


695 6516 


968 3626 


032 6710 


7i8 3793 


698 7795 


976 8534 


023 6950 


715 3371 


4* 


20 


0-695 7039 


0-968 5035 


J-032 5208 


0-718 3287 


0-698 8315 


0-976 9956 


1-023 5461 


0-715 2863 


4 


21 


695 7561 


968 6445 


032 3705 


718 2781 


698 8836 


977 1377 


023 3972 


715 2355 


39 


22 


695 8083 


968 7854 


032 2203 


718 2275 


698 9356 


977 2799 


023 2483 


715 1846 


38 


23 


695 8606 


968 9264 


O32 O70I 


718 1769 


698 9876 


977 4221 


023 0995 


715 1338 


37 


*4 


695 9128 


969 0674 


031 9199 


718 1263 


699 0396 


977 5643 


022 9506 


-715 0830 


36 


5 


0-695 9650 


0-969 2084 


I-03I 7698 


0-718 0757 


0-699 0916 


0-977 7065 


I-O22 8oi8 


0-715 0321 


35 


26 


696 0172 


969 3495 


031 6197 


7180251 


699 1436 


977 8488 


022 6530 


714 9813 


34 


27 


696 0695 


969 4906 


031 4696 


717 9745 


699 1956 


977 99io 


022 5043 


714 9305 


33 


28 


696 1217 


969 6316 


031 3195 


717 9238 


699 2476 


978 1333 


022 3555 


714 8796 


32 


29 


696 1739 


969 7727 


031 1694 


717 8732 


699 2995 


978 2756 


022 2068 


714 8288 


3' 


30 


0-696 2261 


0-969 9139 


I-03I 0194 


0-717 8226 


0<6 99 35'5 


0-978 4180 


1-022 0581 


o-7 14 7779 


30 


3i 


696 2783 


970 0550 


030 8694 


7177719 


699 4035 


978 5603 


021 9094 


714 7270 


29 


3* 


696 3305 


970 1962 


030 7194 


717 7213 


699 4555 


978 7027 


021 7608 


714 6762 


28 


33 


696 3827 


970 3374 


030 5694 


717 6707 


699 5075 


-978 8451 


O2 I 6l2I 


714 6253 


27 


34 


696 4348 


-970 4786 


0304195 


717 6200 


699 5594 


978 9875 


021 4635 


7H 5744 


26 


35 


0-696 4870 


0-970 6198 


I-O3O 2695 


0-717 5694 


0-699 6114 


0-979 1299 


1-021 3149 


0-714 5236 


25 


36 


696 5392 


970 7610 


030 1196 


717 5187 


699 6633 


979 2724 


O2 I 1664 


714 4727 


24 


37 


696 5914 


970 9023 


029 9698 


7174681 


699 7153 


979 4H8 


021 0178 


7144218 


23 


38 


696 6436 


971 0436 


029 8199 


7174174 


699 7672 


979 5573 


O2O 8693 


714 3709 


22 


39 


696 6957 


971 1849 


O29 6701 


717 3667 


699 8192 


979 6998 


020 7208 


714 3200 


21 


40 


0-696 7479 


0-971 3262 


1-029 5203 


0-717 3161 


0-699 8711 


0-979 8424 


1-020 5723 


0-714 2691 


2O 


4i 


696 8001 


971 4675 


029 375 


717 2654 


699 9231 


979 9849 


020 4239 


714 2182 


19 


4* 


696 8522 


971 6089 


029 2207 


7I72H7 


699 9750 


980 1275 


020 2754 


714 1673 


18 


43 


696 9044 


971 753 


029 0710 


717 1641 


700 0270 


980 2701 


O2O I27O 


714 1164 


17 


44 


696 9565 


971 8917 


028 9212 


717 1134 


700 0789 


980 4127 


019 9786 


7140655 


16 


45 


0-697 0087 


0-972 0331 


1-028 7715 


0-717 0627 


0-700 1308 


0-980 5553 


I-OI9 8303 


0-714 0146 


15 


46 


697 0608 


972 1746 


028 6219 


717 0120 


700 1827 


980 6980 


OI9 6819 


713 9637 


14 


47 


697 1130 


972 3160 


028 4722 


716 9613 


700 2347 


980 8406 


i9 5336 


713 9128 


13 


48 


697 1651 


972 4575 


028 3226 


716 9106 


700 2866 


980 9833 


019 3853 


713 8618 


12 


49 


697 2172 


972 599 


028 1730 


7l6 8599 


700 3385 


981 1261 


OIQ 2370 


713 8109 


II 


5<> 


0-697 2694 


0-972 7405 


1-028 0234 


0-7l6 8092 


0-700 3904 


0-981 2688 


I-OI9 888 


0-713 7600 


IO 


5 


697 3215 


972 8821 


027 8738 


7l6 7585 


700 4423 


981 4115 


Ol8 9405 


713 7090 


OQ 


52 


697 3736 


973 0236 


027 7243 


7l6 7078 


700 4942 


98i 5543 


Ol8 7923 


713 6581 


7 
08 


53 


697 4257 


973 1652 


027 5747 


7l6 6571 


700 5461 


981 6971 


018 6441 


713 6072 


O7 


54 


697 4778 


973 3068 


027 4252 


7l6 6063 


700 5980 


981 8399 


oi 8 4960 


713 5562 


06 


55 


0-697 5300 


0-973 4485 


1-027 2758 


0-716 5556 


0-700 6499 


0-981 9828 


1-018 3478 


0-713 5053 


5 


56 


697 5821 


973 5901 


027 1263 


7l6 5049 


700 7018 


982 1256 


018 1997 


713 4543 


04 


57 


697 6342 


973 73i8 


026 9769 


7164542 


700 7536 


982 2685 


018 0516 


713 4033 


03 


58 


697 6863 


973 8734 


026 8275 


7l6 4034 


700 8055 


982 4114 


017 9035 


713 3524 


02 


59 


69? 7384 


9740151 


026 6781 


7163527 


700 8574 


982 5543 


017 7554 


713 3014 


01 


60 


0-697 7905 


0-974 1569 


1-026 5287 


0-7l6 3019 


0-700 9093 


0-982 6973 


1-017 6074 


0-713 2504 


oo 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 


s 


d 


521-523 


1418-1405 


1494-1507 


508-505 


518-521 


1430-1417 


1480-1493 


510-507 


d 
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3" 03' 



3 h 02" 



2" 58" 



TM 5-442 



2 h 59" 



d 


519-516 


1429-1442 


1480-1467 


509-512 


517-514 


1442-1454 


I467-X454 


512-514 


d 


s 


sin 


tan 


cot 


cos 


sin 


tan 


cot 


COS 




oo 

01 


03 
04 


0-700 9093 
700 9611 
701 0130 
701 0649 
701 1167 


0-982 6973 
983 8402 
982 9832 
983 1262 
983 2692 


1-017 607^ 

017 4594 
017 3114 
017 1634 
017 0155 


0-713 2504 
713 1995 
713 1485 
713 0975 
713 0465 


0-704 0147 
704 0664 

704 1180 
704 1696 
704 2213 


0-991 3112 

991 4554 
991 5996 
991 7439 
991 8881 


i -008 7649 
008 6182 
008 4715 
008 3249 
008 1782 


0-710 1854 
710 1342 

7100830 
7100318 
709 9806 


60 
59 
58 
57 
56 


05 
6 

o? 
08 

9 


0-701 1686 
701 2204 
701 2723 
701 3241 

7oi 3759 


0-983 4123 

983 55S3 
983 6984 
983 8415 
983 9846 


1-016 8675 
016 7196 
016 5717 
016 4239 
016 2760 


0-712 9955 
712 9446 
712 8936 
712 8426 
712 7916 


0-704 2729 

74 3245 
704 3762 
704 4278 
704 4794 


0-992 0324 
992 1767 
992 3210 
992 4654 
992 6097 


1-008 0316 
007 8850 
007 7384 
007 5918 
-007 4453 


0-709 9293 
709 8781 
709 8269 
7<>9 7757 
709 7244 


55 
54 
53 
53 
Si 


10 
XI 


0-701 427? 
701 4796 


0-984 1278 
984 2709 


1-016 1282 
015 9804 


0-712 7405 
712 6895 


0-704 5310 
704 5826 


0-992 7541 
992 8985 


1-007 2988 
007 1523 


0-709 6732 
709 6220 


50 
49 


xa 
13 


701 5314 
701 5832 


984 4141 
984 5573 


015 8326 
015 6849 


712 6385 
712 5875 


704 6342 
704 6858 


993 0429 
993 1874 


007 0058 
006 8593 


709 5707 
709 5195 


48 

47 


i4 


701 6351 


984 7006 


015 5372 


7" 5365 


704 7374 


993 3319 


006 7129 


709 4682 


46 


'5 

16 


0-701 6869 
701 7387 


0-984 8438 
984 9871 


1-015 3894 
015 2418 


0-712 4855 
712 4344 


0-704 7890 
704 8406 


0-993 4703 
993 6208 


i -006 5665 
006 4201 


0-7094170 
709 3657 


45 
44 


*7 


701 7905 


985 1304 


015 0941 


712 3834 


704 8922 


993 7654 


006 2737 


709 3145 


43 


it 


701 8423 


985 2737 


014 9464 


712 3324 


704 9438 


993 9099 


006 1274 


709 2632 


4* 


19 


701 8941 


985 4170 


014 7988 


712 2813 


704 9953 


994 0545 


005 9811 


709 2119 


4i 


20 


0-701 9459 


0-985 5603 


1-014 6512 


0-712 2303 


0-705 0469 


0-994 1991 


1-005 8348 


0-709 1607 


4 


21 


701 9977 


985 7037 


014 5036 


712 1792 


705 0985 


994 3437 


005 6885 


709 1094 


39 


23 


702 0495 


985 8471 


0143561 


712 1282 


705 1500 


994 4883 


005 5422 


709 0581 


38 


23 


702 1013 


985 9905 


014 2085 


712 0771 


705 2016 


994 6330 


005 3960 


709 0068 


37 


4 


702 1531 


986 1339 


014 0610 


712 0260 


705 2532 


994 7777 


005 2497 


708 9556 


36 


35 


0-702 2048 


0-986 2774 


1-013 9135 


0-711 9750 


0-705 3047 


0-994 9224 


1-005 1035 


0-708 9043 


35 


a6 


702 2566 


986 4209 


013 7661 


711 9239 


7S 3563 


995 0671 


004 9574 


708 8530 


34 


37 


702 3084 


986 5644 


013 6186 


711 8728 


705 4078 


995 2118 


004 8112 


708 8017 


33 


28 


702 3601 


986 7079 


013 4712 


711 8218 


70S 4594 


995 35 66 


004 6651 


708 7504 


3* 


29 


7024119 


986 8514 


013 3238 


711 7707 


705 5109 


995 5014 


004 5190 


708 6991 


3i 


30 


0-702 4637 


0-986 9950 


1-013 1764 


0-711 7196 


0-705 5624 


0-995 6462 


1-0043729 


o-7ofe 6478 


3<> 


3i 


702 5154 


987 1385 


013 0290 


711 6685 


705 6140 


995 7910 


004 2268 


708 5965 


29 


33 


702 5672 


987 2821 


012 88l7 


7" 6174 


705 6655 


995 9358 


004 0807 


708 5451 


28 


33 


702 6189 


987 4258 


012 7344 


7" 5663 


70S 7170 


996 0807 


003 9347 


708 4938 


27 


34 


702 6707 


987 5694 


012 5871 


7" 5152 


70S 7685 


996 2256 


003 7887 


708 4425 


26 


35 


0-702 7224 


0-987 7130 


I-OI2 4398 


0-711 4641 


0-705 8201 


0-996 3705 


1-003 6427 


0-708 3912 


35 


3 


702 7741 


987 8567 


012 2925 


7" 4130 


705 8716 


996 5154 


003 4968 


708 3398 


34 


37 


702 8259 


988 0004 


012 1453 


7" 3619 


705 9231 


996 6604 


003 3508 


708*2885 


33 


3 


702 8776 


988 1441 


on 9981 


711 3108 


70S 9746 


996 8053 


003 2049 


708 2372 


22 


3D 


702 9293 


988 2879 


on 8509 


711 2597 


706 0261 


996 9503 


003 0590 


708 1858 


21 


4 


0-702 9811 


0-988 4316 


i-on 7038 


0-711 2086 


0-706 0776 


0-997 0953 


1-002 9131 


0-708 1345 


20 


4i 


703 0328 


988 5754 


on 5566 


711 1574 


706 1291 


997 2404 


002 7673 


708 0831 


19 


44 


703 0845 


988 7192 


on 4095 


711 1063 


706 1806 


997 3854 


002 6214 


7080318 


18 


43 


703 1362 


988 8631 


on 2624 


711 0552 


706 2321 


997 5305 


002 4756 


707 9804 


17 


44 


703 1879 


989 0069 


on 1153 


711 0041 


706 2835 


997 6756 


002 3298 


707 9291 


16 


45 


0-703 2396 


0-989 1508 


i-oio 9682 


0-710 9529 


0-706 3350 


0-997 8207 


1-002 1840 


0-707 8777 


15 


46 


703 2913 


989 2946 


oio 8212 


710 9018 


706 3865 


997 9659 


002 0383 


707 8263 


14 


47 


703 3430 


989 4385 


oio 6742 


710 8506 


706 4380 


998 i no 


ooi 8926 


707 7750 


13 


4 


703 3947 


989 5825 


oio 5272 


710 7995 


706 4894 


998 2562 


ooi 7469 


707 7236 


12 


49 


-703 4464 


989 7264 


oio 3802 


710 7483 


706 5409 


998 4014 


ooi 6012 


707 6722 


IX 


So 


0-703 4981 


0-989 8704 


i-oio 2333 


0-710 6972 


0-706 5924 


0-998 5466 


I-OOI4555 


0-707 6208 


IO 


Si 


703 5498 


990 0144 


oio 0863 


710 6460 


706 6438 


998 6919 


ooi 3099 


707 5694 


09 


5* 


703 6014 


990 1584 


009 9394 


710 5948 


706 6953 


998 8371 


ooi 1642 


707 5180 


08 


53 


73 6531 


990 3024 


009 7925 


710 5437 


706 7467 


998 9824 


ooi 0186 


707 4666 


O? 


54 


703 7048 


990 4465 


009 6457 


7104925 


706 7982 


999 1277 


ooo 8730 


707 4152 


06 


55 


0-703 7564 


0-990 5905 


1-009 4988 


0-7104413 


0-706 8496 


0-999 2730 


i-ooo 7275 


0-707 3638 


05 


56 


703 8081 


990 7346 


009 3520 


710 3901 


706 901 i 


9994184 


ooo 5819 


707 3124 


04 


57 


703 8598 


990 8787 


009 2052 


710 3390 


706 9525 


999 5638 


ooo 4364 


707 2610 


03 


5* 


7039U4 


991 0229 


009 0584 


710 2878 


707 0039 


999 7092 


ooo 2909 


707 2096 


02 


59 


703 9631 


991 1670 


008 9117 


710 2366 


707 0554 


0-999 8546 


ooo 1455 


707 1582 


OX 


6e 


0-704 0147 


0-991 3112 


i -008 7649 


0-710 1854 


0-707 1068 


I-OOO OOOO 


I'OOO OOOO 


0-707 1068 


00 

s 




COS 


cot 


tan 


sin 


COS 


cot 


tan 


sin 




d 


516-519 


1442-1429 


1467-1480 


512-509 


514-517 


1454-1442 


1454-1467 


514-512 


d 



3" 01' 



3" 00* 
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APPENDIX D 

LIST OF RADIO TRANSMITTING 
STATIONS AND MONITORING OBSERVATORIES 



is appendix contains a list of the most frequently used radio time signal transmitting stations and 
ist of the monitoring observatories. All of the radio time signal stations that transmit a signal of 
entitle quality are not listed, nor are all of the monitoring observatories. However, a sufficient num- 
1 of stations are listed to allow a time signal of scientific quality to be received almost anywhere in the 
rid. 

is list contains only the call signs, frequencies, locations and positions of selected stations. For the 
3St and most up to date information on frequencies and characteristics of all transmitting stations, 
the latest B.I.H. Annual Report. For a graphic representation of selected transmitting stations char- 
eristics contact U.S. Army Topographic Command, 6500 Brooks Lane, Washington, D.C. 20315. 
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RADIO TRANSMITTING STATIONS 



Location and Frequency 
Position MC 



CHU Ottawa, Canada 3.330 

N 45 18' 7.335 

W 75 45' 14.670 

HBG Prangins, 0.075 
Switzerland 
N 46 24' 
E 060 is- 

JJY Koganei, 2.5 

Japan 5.0 

N 35 42' 10.0 

E 139 31 ' 15.0 

LOL1 Buenos -Aires 5.0 

Argentina 10.0 

S 34 27' 15.0 
W 58 21 ' 

MSF Rugby, United 2.5 

Kingdom 5.0 

N 52 22' 10.0 
W 01 IT 

VNG Lyndhurst, 4.5 

Australia 7.5 

S 38 00' 12.0 
E 145 02' 

WWV Fort Collins, 2.5 

Colorado 5.0 

United States 10.0 

N 40 41 ' 15.0 

W 105 02' 20.0 

25.0 
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Location and Frequency 
Position MC 



WWVH Maui, Hawaii 2.5 

United States 5.0 

N 20 46' 10.0 

W 156 28 1 15.0 

ZUO Olifantsfontein, 5.0 
South Africa 
S 250 58' 
E 28 04' 

Johannesburg, 10.0 
South Africa 
S 26 IT 
E 280 04' 

BPV Shanghai, 5.0 

China 10.0 
N 31 12' 

E 121 26' 15.0 
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MONITORING OBSERVATORIES 



Observatory 
Buenos -Aires 


Location Instrument* Latitude 


Longitude 
h m 
W 03 54 


Argentina 


MT 


S 




34 


34 


Hamburg 


W. Germany 


PZT 


N 


53 


36 


E 


00 


40 


Herstmonceux 


England 


PZT 


N 


50 


52 


E 


00 


01 


Le Cap 


S. Africa 


Astro 


S 


33 


56 


E 


01 


14 


Mi 1 an 


Italy 


ZT 


N 


45 


28 


E 


00 


37 


Mizusawa 


Japan 


PZT 


N 


39 


08 


E 


09 


25 


Mount Strom! o 


Australia 


PZT 


S 


35 


19 


E 


09 


56 


Neuchatel 


Switzerland 


PZT 


N 


47 


00 


E 


00 


28 


Ottawa 


Canada 


PZT 


N 


45 


24 


W 


05 


03 


Paris 


France 


Astro 


N 


48 


50 


E 


00 


09 


Prague 


Czechoslovakia 


MT 


N 


50 


04 


E 


00 


58 


Quito 


Ecuador 


Astro 


S 


00 


14 


W 


05 


14 


Richmond 


United States 


PZT 


N 


25 


37 


W 


05 


22 


Rio de Janeiro 


Brazil 


MT 


S 


22 


54 


W 


02 


53 


Santiago 


Chile 


Astro 


S 


33 


24 


W 


04 


42 


Tokyo 


Japan 


PZT 


N 


35 


40 


E 


09 


18 


Washington, DC 


United States 


PZT 


N 


38 


55 


W 


05 


08 



* Astro = Astrolabe; MT = Meridian Transit; PZT = Photographic Zenith 
Tube; ZT = Zenith Telescope. 
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APPENDIX E 
SCHEMATIC OF ASTROAMPLIFIER 



'his appendix contains a schematic of the most frequently used astronomic amplifier. There are many 
ypes of amplifiers and any of them may be used as long as they are equivalent to the one shown in 
lis appendix. The equipment and parts necessary to construct this amplifier are common to most elec- 
ronic repair shops. 
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GLOSSARY 



owing glossary is is an extract from the 
nual "Glossary of Mapping, Charting, and 
5 Terms", July 1967. This extract includes 
3e words and definitions that are pertinent 
with this Technical Manual. 
ion The apparent angular displacement 
;he position of a celestial body in the di- 
;ion of motion of the observer, caused by 
combination of the velocity of the observ- 
ind the velocity of light. See diurnal ab- 
ition. 

y The degree of conformity with a stan- 
3, or the degree of perfection attained in 
easurement. Accuracy relates to the qual- 
}f a result, and is distinguished from pre- 
m which relates to the quality of the op- 
ion by which the result was obtained. 
t A term used to designate certain meas- 
1 or measurable astronomic quantities to 
T them to real or visible objects, such as 
sun or a star. 

t Altitude The observed vertical angle 
, star, planet, or to the sun, uncorrected 
refraction or for reduction to a position 
arth's center (parallax). 
t, Horizon The irregular line along which 
i from the point of observation are tan- 
; to the surface of the earth. The appar- 
horizon is the line where the visible sur- 
of the earth appears to meet the sky. 
t Motion Motion relative to a specified 
mplied reference point which may itself 
n motion. The expression usually refers 
lovement of celestial bodies as observed 
i the earth. 

t Position An astronomical term applied 
lie observable position of a star, planet, 
le sun. The position on the celestial sphere 
hich a heavenly body (or a space vehicle) 
Id be seen from the center of the earth 
L particular time. Also called apparent 
e. 

t Sidereal Time The local hour angle of 
true vernal equinox. 
t Solar Day The interval of time from 
ansit of the apparent sun across a given 
;dian to its next successive transit across 
same meridian. 



Apparent Solar Time Time measured by the ap- 
parent diurnal motion of the true sun. 

Astronomic Azimuth The angle between the as- 
tronomical meridian plane of the observer and 
the plane containing the observed point and 
the true normal (vertical) of the observer, 
measured in the plane of the horizon clock- 
wise from the elevated pole. 

Astronomical Date Designation of the epoch by 
year, month, day and decimal fraction. For 
example the astronomical date of December 
21, 1966, 18* UT is 1966 December 21.75 UT. 

Astronomical Day A mean solar day beginning 
at mean noon, 12 hours later than the begin- 
ning of the civil day of the same date. The 
civil day is now generally used. 

Astronomical Equator The line on the surface of 
the earth whose astronomical latitude at every 
point is 0. Due to the deflection of the verti- 
cal (plumb line), the astronomical equator is 
not a plane curve. However, the verticals at 
all points on it are parallel to one and the 
same plane, the plane of the celestial equator ; 
that is, the zenith at every point on the as- 
tronomical equator lies in the celestial equa- 
tor. When the astronomical equator is cor- 
rected for station error, it becomes the geo- 
detic equator. 

Astronomical Latitude The angle between the 
plumb line and the plane of the celestial equa- 
tor. Also denned as the angle between the 
plane of the horizon and the axis of rotation 
of the earth. Astronomical latitude applies 
only to positions on the earth and is reckoned 
from the astronomical equator (0), north 
and south through 90. Astronomical latitude 
is the latitude which results directly from ob- 
servations of celestial bodies, uncorrected for 
deflection of the vertical (plumb line). 

Astronomical Longitude The angle between the 
plane of the celestial meridian and the plane 
of an initial meridian, arbitrarily chosen. As- 
tronomical longitude is the longitude which 
results directly from observations on celestial 
bodies, uncorrected for deflection 'of the ver- 
tical (plumb line). 

Astronomical Position 1. A point on the earth 
whose coordinates have been determined as a 
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result of observations of celestial bodies. The 
expression is usually used in connection with 
positions on land determined with great ac- 
curacy for survey purposes. 2. A point on 
earth, denned in terms of astronomical lati- 
tude and longitude. 

Astronomical Refraction The apparent displace- 
ment of an object that results from light rays 
from a source outside the atmosphere being 
bent in passing through the atmosphere. This 
results -in all objects appearing to be higher 
above the horizon than they actually are. The 
magnitude of this displacement is greater 
when the object is near the horizon and de- 
creases to zero when the object is at the 
zenith. 

Astronomical Triangle The triangle on the celes- 
tial sphere formed by arcs of great circles 
connecting the celestial pole, the zenith, and 
a celestial body. The angles of the astronomi- 
cal triangles are : at the pole, the hour angle ; 
at the celestial body, the parallactic angle ; at 
the zenith, the azimuth angle. The sides are : 
pole to zenith, the colatitude ; zenith to celes- 
tial body, the zenith distance; and celestial 
body to pole, the polar distance. Also called 
the PZS triangle. 

Atmospheric Refraction The refraction of light 
passing through the earth's atmosphere. At- 
mospheric refraction includes both astronomi- 
cal and terrestrial refraction. 

Azimuth Angle The angle less than 180 between 
the plane of the celestial meridian and the 
vertical plane containing the observed object, 
reckoned from the direction of the elevated 
pole. In astronomic work, the azimuth angle 
is the spherical angle at the zenith in the as- 
tronomical triangle which is composed of the 
pole, the zenith, and the star. In geodetic work, 
it is the horizontal angle between the celestial 
pole and the observed terrestrial object. 

lesselian Star Numbers Constants used in the 
reduction of a mean position of a star in an 
apparent position (used to account for short- 
term variations in the precession, nutation, 
aberration, and parallax). 

Broken-Telescope Transit A precise astronomic 
transit or theodolite in which the light pass- 
ing through the objective is reflected through 
a right angle by a prism placed in the trun- 
nion axis. 

Celestial Coordinates Any set of coordinates used 
to define a point on the celestial sphere. 

lelestial EquatorThe great circle on the celestial 
sphere whose plane is perpendicular to the 
axis of rotation of the earth. 



Celestial Geodesy The branch of geodesy which 
utilizes observations of near celestial bodies, 
including earth satellites, to determine the 
size and shape of the earth. 

Celestial Horizon That circle of the celestial 
sphere formed by the intersection of the celes- 
tial sphere and a plane through the center of 
the earth and perpendicular to the zenith- 
nadir line. 

Celestial Latitude Angular distance north or 
south of the ecliptic; the arc of a circle of 
latitude between the ecliptic and a point on 
the celestial sphere, measured northward or 
southward from the ecliptic through 90, and 
labeled N or S to indicate the direction of 
measurement. 

Celestial Longitude Angular distance east of the 
vernal equinox, along the ecliptic or the an- 
gle at the ecliptic pole between the circle of 
latitude of a point on the celestial sphere, 
measured eastward from the circle of latitude 
of the vernal equinox, through 360. 

Celestial Meridian An hour circle of the celestial 
sphere, through the celestial poles and the 
zenith. The two intersections of the celestial 
meridian with the horizon are known as north 
and south points. 

Celestial Pole Either of the two points of inter- 
section of the celestial sphere and the ex- 
tended axis of earth. 

Celestial Sphere A sphere of indefinitely large 
radius, described about an assumed center, 
and upon which positions of celestial bodies 
are projected along radii passing through the 
bodies. For observations on bodies within the 
limits of the solar system, the assumed center 
is the center of the earth. For bodies where 
parallax is negligible, the assumed center may 
be the point of observation. 

Center of Instrument The point on the vertical 
axis of rotation of an instrument at the same 
elevation as the axis of collimation when that 
axis is in a horizontal position. In a transit 
or theodolite, it is close to or at the intersec- 
tion of the horizontal and vertical axis of the 
instrument. 

Chronograph An instrument for producing a 
graphic record of time as shown by a clock or 
other device. In use, a chronograph produces 
a double record : the first is made by the as- 
sociated clock and forms a continuous time 
scale with significant marks indicating peri- 
odic beats of the timekeeper; the second is 
made by some external agency, human or me- 
chanical, and records the occurrence of an 
event or of a series of events. 
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Chronometer A portable timekeeper with com- 
pensated balance, capable of showing time 
with extreme precision and accuracy. 
Circumpolar Revolving about the elevated pole 
without setting. A celestial body is circumpo- 
lar when its polar distance is approximately 
equal to or less than the latitude of the ob- 
server. 

Clock Correction The quantity which is added, 
algebraically, to the time shown by a clock 
to obtain the time of a given meridian. If the 
clock is slow, the correction is positive ; if fast, 
negative. When applied to a chronometer it is 
called chronometer correction. 
Clock Rate The amount gained or lost by a clock 
in a unit of time. When applied to a chronom- 
eter, it is called chronometer rate. 

Coaltitude The complement of altitude, or ninety 
degrees minus the altitude. The term has sig- 
nificance only when used in connection with 
altitude measured from the celestial horizon, 
when it is synonymous with zenith distance. 

Codeclination The complement of the declination, 
or ninety degrees minus the declination. When 
the declination and latitude are of the same 
name, codeclination is the same as polar dis- 
tance measured from the elevated pole. 

Colatitude The complement of the latitude, or 
ninety degrees minus the latitude. Colatitude 
forms one side, zenith to pole, of the astronom- 
ical triangle. It is the side opposite the celes- 
tial body. 

Collimation To render parallel to a certain line 
or ^direction ; to render parallel, as rays of 
light; to adjust the line of sight or lens axis 
of an optical instrument so that it is in its 
proper position relative to the other parts of 
the instrument. 

Constant of Aberration The maximum aberra- 
tion of a star observed from the surface of 
the earth, 20.49 seconds of arc. 

Crystal Clock A device for keeping accurate time. 
It consists essentially of a generator of con- 
stant frequency controlled by a resonator 
made of quartz crystal, with suitable methods 
for producing continuous rotation to operate 
time-indicating and related mechanisms. 

Culmination The position of a heavenly body 
when at highest apparent altitude; also for 
a heavenly body which is continually above 
the horizon, the position of lowest apparent 
altitude. Culmination occurs when the body 
transits the local meridian. 

Curvature Correction (Astronomy) A correction 

moan nf a spvips nf 
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the divergence to the apparent path of tin 
star or planet from a straight line. 

Declination In a system of polar or spherical co 
ordinates, the angle at the origin between ; 
line to a point and the equatorial piano, mm.- 
ured in a plane perpendicular to ih- 1 '>\\m- 
torial plane. The arc between the <<.,;' : :.:"'' 
the point measured on a great circle [h-nx's 
dicular to the equator. The angular dLsta; . 
to a body on the celestial sphere measui-^.l 
north or south through 90 from the celestial 
equator along the hour circle of the body. 
Comparable to latitude on the terrestrial 
sphere. 

Deflection of the Vertical The angular difference, 
at any place, between the upward direction of 
a plumb line (the vertical) and thr perpen- 
dicular (the normal) to the reference spheroid. 
This difference seldom exceeds 30 seconds. 
Often expressed in two components, meridian 
and prime vertical. 

Deflection of the Vertical Correction The correc- 
tion due to deflection of the vertical, resulting 
from irregularities in the density and form of 
the earth. Deflection of the vertical affects all 
astronomic observations. 

Depressed Pole The celestial pole below the lion 
zon, of opposite name to the latitude. 

Diurnal Aberration Aberration resulting fr" 
the rotation of the earth on its axis. The va 
of diurnal aberration varies with the latitu 
of the observer and ranges from zero at tht 
poles to 0.31 second of arc at the equator. 

Ecliptic The great circle formed by the intersec- 
tion of the plane of the earth's orbit around 
the sun (or apparent orbit of the sun around 
the earth) and the celestial sphere. 

Elongation The angular distance of a body of the 
solar system from the sun; the .nrj.de at the 
earth between lines to the sun and another 
celestial body of the solar system. 

Ephemeris Time The uniform measure of time 
defined by the law of dynamics and deter- 
mined in principal from the orbital motions 
of the planets, specifically in the orbital mo- 
tion of the earth as repi-ps^r-:' ; "Xnv- 
comb's "Tables of the Sun". 

Epoch 1. A particular instant i 

data are given. 2. A given period ot link- -.air- 
ing which a series of related acts or events 
takes place. 3. An arbitrary moment in time 
to which measurements of position for a bocty 
or orientation for an orbit are referred. 

Plnnn.tion of th.p Emi.moir Tho di^ 
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on the equator, thus the difference between 
mean and apparent sidereal time. 

Equation of Time The algebraic difference in 
hour angle between apparent solar time and 
mean solar time, usually labeled -j- and , 
as it is to be applied to mean solar time to ob- 
tain apparent solar time. 

Equinox One of the two points of intersection 
of the ecliptic and the celestial equator, oc- 
cupied by the sun when its declination is 0. 

Geoid The figure of the earth considered as a sea- 
level surface extended continuously through 
the continents. The actual geoid is an equipo- 
tential surface coincident with mean sea level 
to which, at every point, the plumb line (di- 
rection in which gravity acts) is perpendicu- 
lar. It is the geoid which is obtained from 
observed deflections of the vertical and is the 
surface of reference for astronomical obser- 
vations and for geodetic leveling. 

Great Circle A circle on the surface of the earth, 
the plane of which passes through the center 
of earth. 

Greenwich Apparent Time Local apparent time 
at the Greenwich meridian. 

Greenwich Hour Angle (GHA) Angular distance 
west of the Greenwich celestial meridian ; the 
arc of the celestial equator, or the angle at the 
celestial pole, between the upper branch of the 
Greenwich celestial meridian and the hour 
circle of a point on the celestial sphere, meas- 
ured westward from the Greenwich celestial 
meridian through 360 ; local hour angle at 
the Greenwich meridian. 

Greenwich Meridian The meridian through 
Greenwich, England, serving as the reference 
for Greenwich time, in contrast with local 
meridian. It is accepted almost universally as 
the prime meridian, or the origin of measure- 
ment of longitude. 

Greenwich Sidereal Date The number of mean 
sidereal days that have elapsed on the Green- 
wich meridian since the beginning of the side- 
real day that was in progress at Greenwich 
mean noon on January 1, 4713 B.C. 

Greenwich Sidereal Day Number The integral 
part of the Greenwich sidereal date. It is a 
means of numbering consecutively successive 
sidereal days beginning at the instants of up- 
per transit of the mean vernal equinox over 
the Greenwich meridian. 

Greenwich Sidereal Time (GST) Local sidereal 
time at the Greenwich meridian. The arc of 
the celestial equator, or the angle at the celes- 
tial pole, between the upper branch of the 
Greenwich celestial meridian and the hour 



circle of the vernal equinox, measured west- 
ward from the upper branch of the Green- 
wich celestial meridian through 24 hours; 
Greenwich hour angle of the vernal equinox, 
expressed in time units. 

Hour Angle Angular distance west of a celestial 
meridian or hour circle ; the arc of the celes- 
tial equator, or the angle at the celestial pole, 
between the upper branch of a celestial merid- 
ian or hour circle and the hour circle of a 
celestial body or the vernal equinox, measured 
westward through 360. 

How Circle Any great circle on the celestial 
sphere whose plane is perpendicular to the 
plane of the celestial equator. 

Kepler's Laws The three laws governing the mo- 
tions of -planets in their orbits. These are : (1) 
The orbits of the planets are ellipses, with the 
sun at a common focus ; (2) As a planet moves 
in its orbit, the line adjoining the planet and 
the sun sweeps over equal areas in equal in- 
tervals of times; (3) The squares of the peri- 
ods of revolution of any two planets are pro- 
portional to the cubes of their mean distances 
from the sun. 

Laplace Azimuth A geodetic azimuth derived 
from an astronomic azimuth by use of the 
Laplace equation. 

Laplace Condition The Laplace condition, ex- 
pressed by the Laplace equation, arises from 
the fact that a deflection of the vertical in the 
plane of the prime vertical will give a differ- 
ence between astronomic and geodetic azi- 
muth ; or, conversely, that the observed diff- 
erences between astronomic and geodetic val- 
ues of the longitude and of the azimuth may 
both be used to determine the deflection in the 
plane of the prime vertical. 

Local Hour Angle Angular distance west of the 
local celestial meridian ; the arc of the celes- 
tial equator, or the angle at the celestial pole, 
between the upper branch of the local celestial 
meridian and the hour circle of a point on the 
celestial sphere, measured westward from the 
local celestial meridian through 360. 

Lower Branch That half of a meridian or celes- 
tial meridian from pole to pole which passes 
through the antipode or nadir of a place. 

Magnitude Relative brightness of a celestial body. 

Mean Solar Time Time measured by the diurnal 
motion of a fictitious body, termed the mean 
sun, which is supposed to move uniformly in 
the celestial equator, completing the circuit in 
one tropical year. Often termed simply the 
mean time. The mean sun may be considered 
as moving in the celestial equator and having 
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a right ascension equal to the mean celestial 
longitude of the true sun. 

Meridian Altitude The altitude of a celestial body 
when it is on the celestial meridian of the ob- 
server, azimuth 000 or 180. 
Meridian Angle Angular distance east or west of 
the local celestial meridian; the arc of the 
celestial equator, or the angle at the celestial 
pole, between the upper branch of the local 
celestial meridian and the hour circle of a 
celestial body, measured eastward or west- 
ward from the local celestial meridian through 
180, and labeled E or W to indicate the di- 
rection of measurement. 

Meridian Distance The hour angle of a celestial 
body when close to but not exactly on the as- 
tronomic meridian. This term appears to be 
limited to computation forms where it is used 
to designate the hour angle of a star observed 
slightly off the meridian in making latitude 
observations by the zenith telescope (Sterneck 
or Horrebow-Talcott) method. 

Nadir The point on the terrestrial sphere directly 
beneath the observer and directly opposite to 
the zenith ; the lowest point. 

Normal 1. A straight line perpendicular to a sur- 
face or, to another line. 2. A condition of being 
perpendicular to a surface or line. 3. In geod- 
esy, the straight line perpendicular to the sur- 
face of the reference spheroid. 4. The average, 
regular, or expected value of a quantity. 

N 07-th American Datum of 1927 The initial point 
of this datum is located at Meades Ranch, 
Kansas. Based on the Clarke spheroid of 1866, 
the geodetic positions of this system are de- 
rived from a readjustment of the triangula- 
tion of the entire country, in which Laplace 
azimuths were introduced. 

Nutation Irregularities in the precessional mo- 
tion of the equinoxes because of varying posi- 
tions of the moon and, to a lesser extent, of 
other celestial bodies with respect to the 
ecliptic. 

Objective Lens In telescopes and microscopes, the 
optical component which receives light from 
the object and forms the first or primary 
image. In a telescope or microscope used vis- 
ually, the image formed by the objective lens 
is magnified by the eyepiece. 

Ocular Micrometer A filar micrometer so placed 
that its wire moves in the principal focal 
plane of a telescope. 

Parallactic Angle The angle between a body's 
hour circle and its vertical circle. 

Parallax 1. The apparent displacement of the 



point or system, caused by a shift in the point 
of observation. 2. The apparent displacement 
between objects on the earth's surface due to 
their differences in elevation. 

Personal Equation The time interval between the 
sensory perception of a phenomenon and the 
motor reaction thereto. A personal equation 
may be either positive or negative, as an ob- 
server may anticipate the occurrence of an 
event, or wait until he actually sees it occur 
before making a record. This is a systematic 
error, treated as the constant type. 

Personnel Error An error caused, by an individ- 
ual's personal habits, his inability to perceive 
or measure dimensional values exactly, or by 
his tendency to react mentally and physically 
in a uniform manner under similar conditions. 
Contrasted with blunder; mistake. 

Plumb Line The line of force in the geopotential 
field. The continuous curve to which the direc- 
tion of gravity is everywhere tangential. 

Polar Distance Angular distance from a celestial 
pole ; the arc of the hour circle between a ce- 
lestial pole, usually the elevated pole, and a 
point on the celestial sphere, measured from 
the celestial pole through 180. Also called 
codeclination. 

Polaris The second-magnitude star, Alpha, in the 
constellation Ursa Minor (Little Dipper). Also 
known as the north star; polestar. 

Precession Change in the direction of the axis of 
rotation of a spinning body, as a gyroscope, 
when acted upon by a torque. The direction 
of motion of the axis is such that it causes 
the direction of spin of the gyroscope to tend 
to coincide with that of .the impressed torque. 

Precession in Declination The component of gen- 
eral 'precession along a. celestial meridian, 
amounting to about 20'.'0 of arc per year. 

Precession in Right Ascension The component of 
general precession along the celestial equator, 
amounting to about 46V 1 of arc per year. 

Precession of the Equinoxes The conical motion 
of the earth's axis about the normal to the 
plane of the ecliptic, caused by the attractive 
force of the sun, moon, and other planets on 
the equatorial protuberance of the earth. 

Precision The degree of refinement in the per- 
formance of an operation, or the degree of 
perfection in the instruments and methods 
used when making the measurements. Pre- 
cision relates to the quality of the operation 
by which a result is obtained, and is dis- 
tinguished from accuracy which relates to the 
quality of the result. 



':.:: ris the origin for measurement of longi- 
iu\u. The meridian of Greenwich, England, is 
almost universally used for this purpose. 

Pr'nnc Vertical Circle The vertical circle through 
the east and west points of the horizon. 

Prime Vertical Plane The plane. perpendicular to 
the meridian plane containing- the normal. 
The intersections of the astronomical prime 
vertical plane. with the horizon are the east 
and west points. 

Sidereal Of or pertaining to the stars. Although 
sidereal generally refers to the stars and trop- 
ical to the vernal equinox, sidereal time and 
sit Je real day are based upon the position of 
the vernal equinox relative to the meridian. 

Sidereal Day The interval of time from a transit 
of the (true) vernal equinox across a given 
meridian to its next successive transit across 
the same meridian. 

Sidereal Focus The position of the principal focal 
>' -MM' of a lens system. A camera or telescope 
is I.!' :-:!!(. real focus when incident rays from 
n :>r!'nt distance come to a focus in the plane 
of the reticle. 

tiki cn-Hl Hour Angle (SHA) Angular distance 
west of the vernal equinox; the arc of the 
celestial equator, or the angle at the celestial 
pole, between the hour circle of the vernal 
equinox and the hour circle of a point on the 
celestial sphere, measured westward from the 
hour circle of the vernal equinox through 360. 

^id(ienl Time Time based upon the rotation of 
the i.'ailh relative to the vernal equinox. 

Sidereal. Year The period of one apparent revo- 
lution of the earth around the sun, with re- 
spect to the stars, averaging 365 days, 6 hours 
1) minutes, 9.55 seconds, and increasing at the 
rate of 0.000095 second annually. 

- -'/..'-I. The interval of time from the tran- 
'ii -f either the sun or the mean sun across 
., ;.',i\vu meridian to the next successive tran- 
sit of i he same body across the same merid- 
ian. 2. The duration of one rotation of the sun. 

M.I/,'/,' Time- Time based upon the rotation of the 

t.-arth relative to the sun. 

'in.h polar SUns Stars that are on the opposite 
side of the celestial pole from the observer. 

Ftansit The apparent passage of a star or other 
celestial body across a defined line of the ce- 
sphere, as a meridian, prime vertical, 



or almucantar. The apparent passage of a star 
or other celestial body across a line in the 
reticle of a telescope, or some line of sight. 
The apparent passage of a smaller celestial 
body across the disk of a larger celestial body. 
The transit of 'a star across the meridian oc- 
curs at the moment of its culmination, and 
the two terms are sometimes used as having 
identical meanings; such usage is not correct, 
even where the instrument is in perfect ad- 
justriient. At the poles, a star may have no 
culmination but will transit the meridian. 

Tropical Years The interval of time between two 
successive passages of the vernal equinox by 
the sun. The tropical year is the year of the 
seasons, and the basis of the conventional 
calendar year. 

UTO Time "[Incorrect Universal Time. (See also 
UT1 time; UT2 time). 

UTl Time The true angular rotation of the earth 
about its instantaneous spin axis in the mean 
equatorial system of dates. UTl is obtained 
from UTO by correcting UTO for the differ- 
ence between the instantaneous and the mean 
longitude at the observing station. Since UTl 
is keyed precisely to the instantaneous rota- 
tion of the earth, which is not strictly uni- 
form, UTl does not progress uniformly. 

UT2 Time The mean angular motion of the earth, 
freed of predictable periodic variations but 
still affected by irregular variations and sec- 
ular variations. UT2 is obtained from UTl 
by correcting UTl for seasonal variations in 
rotation rate. 

Upper Branch That half of a meridian or celes- 
tial meridian from pole to pole which passes 
through a place or its zenith. 

Upper Transit Transit of the upper branch of 
the celestial meridian. 

Vernal Equinox That point of intersection of the 
ecliptic and the celestial equator, occupied by 
the sun as it changes from south to north 
declination, on or about March 21. Same as 
first point of Aries. 

Zenith That point of the celestial sphere ver- 
tically overhead. 

Zenith Distance The vertical angle between the 
zenith and the object which is observed or 
defined. 
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Eyepiece micrometer : 

General 2-13 

Latitude: 

Circum-meridian 7-20cZ 

Horrebow-Talcott 7-12 J, A', I 

Sterneck 7-4/ 

Longitude 0-7 

Eyepiece micrometer drum 2-24 



Federal stock numbers 4 

Filter, audio 4 

First order: 
Azimuth: 

Close circumpolar stars _ 8 

East- West stars 8- 

Latitude : 

Circum-meridian 7- 

Horrebow-Talcott 7- 

Sterneck 7- 

Longitude: 

Low and Midlatitudes __ 6 

High latitudes 6 

Focus 3 

7- 
Fourth fundamental catalogue 

(FK4) i. 
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-2a 
-14ft 

-19 

-Ha 
-3a 

-2ft 
3 

7a(l) 
12/ 



Gear changes oscillograph 4-56(1) (6) 

General instructions: 
Azimuth : 

Close circumpolar stars _ 8-4 
Latitude : 

Circum-meridian 7-20 

Horrebow-Talcott 7-12 

Sterneck 7-4 

Longitude (5-4 

Hanging level placement 2-Qc 

Horizontal circle reading 2-8 

Horizontal collimation 2-21 

Horizontal motion system: 

Circle group 2-76 

Controls 2-7 ft 

Horrebow-Talcott latitude: 

Adjustment 7-17 

Computation 7-16 

General 7-10 

General instructions 7-12 

Observing list 7-13 

Specifications: 

First order 7-1 la 
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7-21 

7-7 

3-5 
3-9 
3-8 
6-2 

3-12 
3-12 
3-16 

4-8 
2-1 

2-7 

7-22 

7-10 

7-1 

6-4 

2-9 

4-8 
4-5 



8-1 
8-10 

7-21 

7-7 
7-1 

6-1 

6-2 

3-12 

7-10 

1-2 
4-3 



8-2 

7-21 
7-9 
7-1 
6-2 

2-4 

2-4 
2-9 

2-4 
2-4 

7-1!) 

7-17 

7-7 

7-9 

7-10 

7-7 
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Modified first order ____ 7-116 

Star reduction _____________ 7-15 

Zenith, distance record ______ 7-14 

lorrebow-Talcott levels ________ 2-12 

lorrebow-Talcott level value: 

Allowable error ____________ 3-2/, 3-4/ 

Computation _______________ 3-4c 

Notekeeping --------------- 3-46 

Procedure _________________ 3-4 

Summary of results ________ 3-2e, 3-4cZ 

mpedance, audio output ________ 4-6e 

nclination correction __________ 6-J6a 

adependent day number ________ 7-156 

nclividual training ____________ 1-4,1-5 

nitial latitude _________________ 5-2, b 

nitial longitude _______________ r>-2r 

nstrument constants: 

Equatorial value ___________ 3-7 

General ___________________ 3-1, 9-6 

Hanging level _____________ 3-2 

Horrebow-Talcott levels ____ 3-4 

Lost motion _______________ 3-9 

Micrometer constant _______ 3-10 

Vertical circle level ________ 3-3 

Width of strip _____________ 3-8 

instrument lighting system _____ 2-14 

<atitude determination: 

Circum-meridian method 

(sec III, ch 7) ___________ 

Horrebow-Talcott method 

(sec II, ch 7) ____________ 

Sterneck method 

(sec I, ch 7) ____________ 

/east square adjustment: 

Latitude __________________ 7-17 

Longitude _________________ 0-23 



Circular __________________ 2-5a 

Hanging __________________ 2-6e 

Horrebow-Talcott __________ 2-12 

Setting circle ______________ 2-23 

Vertical circle _____________ 2-96 

,c>veling instrument: 

Horizontal axis ____________ 2-16 

Vertical axis ______________ 2-15 

,pvel trier method: 

Allowable error ____________ 3-5/ 

Computation ______________ 3-5r/ 

Notekeeping _______________ 3-5c 

Procedure _________________ 3-56 

Summary of results ________ 3-5c 

Theory ____________________ 3-5u 

,evel vial constants: 

General ___________________ 3-1 

Horrpbow-Talcott __________ 3-4 

Level trier method _________ 3-5 

Vertical circle method ------ 3-3 

Wisconsin method ---------- 3-2 

.ights ________________________ 2-14 

ast of monitoring observatories 
(app 1>) -------------------- 

,ist of radio transmitting 
stations (app D) ------------ 
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7-0 
7-15 
7-13 

2-6 

3-5,3-9 
3-8 
3-8 
3-8 

3-5,3-8 

4-3 

G-1G 

7-15 

1-1,1-1 

5-2 

5-3 

3-12 
3-1,3-12 

3-1 

3-8 
3-14 
3-15 

3-5 
3-12 

2-7 



7-21 

7-7 
7-1 

7-19 
6-22 

2-1 
2-4 
2-G 
2-9 
2-5 

2-8 
2-7 

3-12 
3-11 
3-10 

3-9 
3-11 

3-9 

3-1 
3-8 
3-9 
3-5 
3-1 
2-7 
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Longitude determination: 

Adjustment 6-23 

Assumed longitude 5-2c 

Audio lag 6-26 

Azimuth error 6-23 

Azimuth factor 5-46, G-16c 

Chronometer correction 

and rate C-14,0-18 

Computation 6-16 6-22 

Corrected transit time 6-17 

Correction factors 6-16 

Final longitude 6-24 

General instructions 6-4 

Observing list 6-8 

Pen equation 6-27 

Polar variation 6-28 

Radio-chronometer 

comparison 6-12 

Radio time signal G-13 

Record 6-9 

Right ascension 0-19,6-21 

Scaling stars 0-15 

Specifications: 

First order 6-2, 6-3 

Modified first order H-26,0-3 

Transmission time lag 0-25 

Lost motion : 
Correction 

Kinds of i-9ft 

Procedure 
Recording 
Theory 

Mayors formula i5-4rf, e 

Mean epoch 0-20 

Mean to apparent declination, 
reduction 7-15 

Mean values l-7a 

Measuring scale 6-11 

Meridian distance correction: 

Sterneck latitude 7-8e 

Circum-meridian latitude 7-24d, e 

Moridiiin placement: 

Approximate methods 5-3 

Final method 5-4 

Mfridian zenith distance 6-6a, 6 

Micrometer: 

Constant 3-10 

Kyepieco 2-13 

Horizontal 2-76 

Vertical 2-96(4) 

Zenith distance setting 2-11 

Micrometer Run 2-25 

Modified first order: 
Latitude : 

Circum-meridian 7-19 

Horrebow-Talcott 7-1 1ft 

Sterneck 7-3 ft 

Longitude 0-2 ft 

Motion of pole, correction: 

Azimuth 8-12/ 

Latitude 7-9e 

Longitude fi-28 

Movable cross\viro 2-13 
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6-22 
5-3 
624 

G-22 
5-4, C-20 

G-10, 6-20 

6-16 

6-20 

6-16 

. G-24 

6-2 

6-5 

(5-24 

G-24 

G-'J 
6-10 

G-5 

G-20, 6-21 
0-12 

G-l, (5-2 

6-2, 6-2 

G-24 

3-15 
3-15 
3-15 

3-15 
3-14 

5-5 

0-21 

7-15 
1-2 
6-9 

7-4 
7-26, 7-29 

5-3 

5-4 
6-4 

3-15 

2-7 
2-4 
2-6 
2-6 
2-10 



7-21 
7-9 
7-1 
0-2 

8-10 
7-7 

G-24 
2-7 
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[aval Observatory time signal 

corrections 6-14e 

fotations ' 1-7 

lutation : 

Change 6-14a 

)b."erving list: 

Azimuth, East-West stars 8-17 

Latitude: 

Circum-meridian 7-21 

Horrebow-Talcott 7-13 

Sterneck 7-5 

Longitude 6-8 

icular position 6-6e, d, c 

(perations, project 1-3 

iscillograph 4-56 

'acking cases 2-2a 

'en equation : 

Application 6-27 

Test 6-5 

'ier, astronomic 5-la, b 

'lacing instrument in meridian : 

Approximate methods 5-3 

Final method 5-4 

Procedure 5-5 

Requirement 5-4/ 

'latform, observing 5-lc, d 

'latinum contact strips 2-13a 

'lumbing the- instrument 2-5 

'alar variation: 

Azimuth 8-12/ 

Latitude 7-9c 

Longitude 6-28 

'olcstar (Polaris) table 5-2, 

'ower recaiirements: 

Chronograph 4-5a 

Chronometer 4-9a(2) 

Micrometer 4-9a(2) 

Oscillograph 4-106 

Radios 4-0 

Takeup chart 4-106 

'ower sources 4-10 

'reparation of site: 

Pier 5-lrt, 6 

Platform b-lc,d 

Shelter 5-lr 5-1A 

'robable error: 

Azimuth 8~12fi, 

Latitude: 8-14(5) 
Circum-meridian method- 7-26a, It 

Horrebow-Talcott method 7-17/ 

Sterneck method 7-i)6 

Level valves : 

Hanging level 3-2r, / 

Horrebow-Talcott levels. 3-4 c, / 

Vertical circle level 3-3r, / 

Longitude 6-2a(10) 

'roject operation 1-15 

ladio-Chronomcter comparison __ (5-12 

ladio, receivers 4-6 

'adio time signals (5-1. '3 

'adio time signal scaling 6-12 



Page Paragraph Page 

Reading circles: 

6-12 Horizontal 2-8 2-4 

1-2 Vertical 2-10 2-6 

Reading eyepiece micrometer 2-136 2-7 

6-10 Records : 

Preparation l-6a 1-2 

Station reports l-6c 1-2 

Transmittal 1-66 1-2 

Reduction, mean to apparent 

declination 7-15 7-15 

Reduction to sea level: 

Latitude 7-9d 7-7 

Refraction 7-86 7-3 

Reliability of results 1-4 1-1 

Residual determination 1-7 1-2 

Right ascension 6-19 6-20 

Scale, measuring 6-11 6-9 

Scaling transit time 6-15 6-12 

Schematic of amplifier (app. E) _ E-2 

Sea level reduction 7-9d 7-7 

Setting circle 2-11 2-6 

Short period terms 6-21 6-21 

Skew normal 8-l2e 8-10 

Smithsonian Astrophysical Star 

Catalogue 1-8 1-2 

Stand, instrument 2-36,2-4 2-1 

Station eccentricity 5-6 5-6 

Station reports l-6c 1-2 

Sterneck latitude (sec I, ch 7) __ 7-1 

Computation 7-8 7-3 

General 7-2 7-1 

General instructions 7-4 7-1 

Observing list 7-5 7-2 

Observing procedure 7-6 7-2 

Specifications: 

First order 7-3a 7-1 

Modified first order 7-36 7-1 

Summary 7-9 7-7 

Zenith distance record 7-7 7-2 

Tables: 

B-8. Chauvenet's* rejection 

factors B-27 

8-1. Circle setting, azimuth _ 8-2 

B-16. Conversion of baro- 
metric pressure B-51/52 

B-12. Correction for differen- 
tial refraction B-39 

B-15. Curvature correction 

for Polaris B-50 

B-l. Factors for star transit 

reduction (A,B,C) __ B-2 

B-14. Logarithms of (l/l-a)_ B-41 

B-.'i. Mean refraction B-l 9 

B-5. Pressure correction for 

refraction B-24 

B-9. Reduction of latitude to 

soa level B-28 

B-6. Reduction to the meri- 
dian for latitude B-25 

B-2. Sidereal gain B-18 

B-4. Temperature correction 

for refraction B-24 



7-22 
7-10 
7-2 
6-5 
6-4 
1-1 
4-3 

2-1 

6-24 
6-3 
5-1 

5-3 
5-4 
5-5 
5-5 
5-1 
2-7 
2-1 

8-10 
7-7 

6-24 
5-2 

4-3 
4-5 
4-5 
4-7 
4-3 
4-7 
4-7 

5-1 
5-1 
5-2 

8-8 
8-11 
7-33 

7-27 
7-7 

3-5 
3-9 
3-8 
6-2 
1-1 
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B-7. Value of 

(2 sin- Var/sinl") _._ B-2(i 
B-10. Values of (A5) for 

correction to PK4 __ B-29 
B-ll. Values of (A/A') for 

correction to FK4 __ B-34 
B-J 3. Value of 

(2 sin 1 Var/sinl") __ B-40 

Telescope 2-2c 2-1 

Temperature correction 7-86(4) &<, 7-3,7-4 

7-16o(2), 7-1,0 

7-24 ft (4) 7-26 
Time determination : 

Azimuth 8-6 8-2 

Time signal stations: 

General (5-13 0-10 

List (app D) 

Timing equipment: 

Amplifier 4-9 1-5 

Audio filter 4-8 4-5 

Chronograph drum 4-5a 4-3 

Chronometer crystal 4-4 4-2 

Chronometer mechanical 4-3 4-1 

General 4-2 4-1 

Oscillograph 4-56 4-3 

Power sources 4-10 4-7 

Radio 4-6 4_3 

Tracking procedure 6-7 6-4 

Training 1_5 1_! 

Transmission time 6-146,6-25 (5-12,6-24 

Transmittal of records 1-66 1_2 

Trigonometric functions (time) 

(app C) C-l 

Variation of pole: 

Azimuth 8-12/ 8-10 

Latitude 7-i)r 7-7 

Longitude (i_28 G-24 
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Vertical circle drive 7-7, 7-20/ 7-2,7-22 

Vertical circle level 2-96 2-5 

Vertical circle method : 

Allowable errors ___.. 3-2/, 3-3/ 3-5,3-8 

Computation 3-M 3-7 

Notekeeping 3-3c 3-6 

Procedure 3-36 3-5 

Summary of results 3-2e, 3-3 e 3-5, 3-8 

Theory 3-3a 3-5 

Vertical collimation 2-22 2-9 

Vertically of crosswires 2-19 2-8 

Vertical motion system: 

Circle assembly 2-96 2-5 

Controls 2-9o, 2-5 

Width of strip: 

Correction 3-106 3-15 

Determination 3-8 3-12 

Scaling 3-11 3-16 

Wild T-4 components: 

Accessory case 2-2a 2-1 

Base and yoke 2-26 2-1 

Hanging level 2-2a 2-1 

Packing cases 2-2, 2-1 

Telescope 2-2c 2-1 

Wild T-4 theodolite 2-1 2-1 

Wind 2-17o 2-8 

Wisconsin method: 

Allowable errors 3-2/ 3-5 

Computation 3-2d 3-5 

Notekeeping 3-2c 3-5 

Procedure 3-26 3-2 

Summary of results 3-2c 3-5 

Theory 3-2a 3-1 

Zenith distance setting circle: 

General 2-11 2-6 

Use 6-6 6-4 
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